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PREFACE. 


The  law  inaugurating  the  Geological  Survey  provides  for  the 
investigation  of  the  timber  as  well  as  the  mineral  interests  of  the 
State;  and  in  carrying  out  this  provision  a  systematic  examination 
of  the  forests  was  begun  in  1891  and  has  been  carried  on  since 
that  time.  The  plan  adopted  in  this  work  embodies  a  fourfold 
investigation :  first,  as  to  the  existing  forest  resources ;  second,  as  to 
how  these  resources  can  be  utilized  to  the  greatest  advantage  with- 
out involving  the  destruction  of  the  forests ;  third,  as  to  how  the 
waste  lands  of  the  State  can  be  continuously  restocked  with  valua- 
ble trees,  and  thus  our  forest  wealth  perpetuated ;  and  fourth,  as 
to  what  can  be  done  to  encourage  the  development  in  the  State  of 
enterprises  which  will  manufacture  into  finished  products  a  larger 
portion  of  our  timber  instead  of  shipping  to  other  States  our  crude 
materials  for  manufacture  there.  We  have  found,  as  will  be 
shown  in  this^  Report  and  others  which  are  to  follow  at  an  early 
date,  that  our  forest  resources  are  considerable;  and  they  are 
now  attracting  lumbermen  and  capital  from  many  sections  of  the 
country.  The  lumbering  industry  in  the  State  is  already  a  large 
one  and  is  increasing  in  magnitude;  indeed,  already  the  timber 
is  being  cut  with  such  rapidity  that  we  may  fairly  ask  ourselves 
the  question,  how  long  it  will  be  before  our  forest  wealth,  like 
that  of  many  other  States,  becomes  a  matter  of  the  past.  And 
we  may  also  ask  ourselves  the  (luestion,  whether  it  is  possible  that 
these  resources  can  be  utilized  now  and  at  the  same  time  our  forest 
wealth  be  perpetuated. 

A  trained  student  in  forestry  will  answer  this  latter  question 
in  the  affirmative,  but  the  experience  of  the  past  has  too  often 
answered  it  in  the  negative.  The  cutting  of  the  valuable  tim- 
ber frequently  leads  to  the  total  destruction  of  the  forest.  The 
trees  are  felled  regardless  of  surrounding  growth  that  may  be 
injured ;  and  the  branches  and  the  tops  are  left  scattered  among 
the  younger  growth  and  thus  add  greatly  to  the  destructiveness  of 
forest  fires,  which  frequently  follow  during  the  first  dry  season.    The 
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average  lumberman  has  but  one  purpose  in  the  prosecution  of  his 
work :  the  removal  of  the  valuable  timber.  It  rarely  happens  that 
the  owner,  himself,  seriously  considers  the  future  welfare  of 
his  forests;  and,  indeed,  the  opinion  seems  to  be  prevalent  in  the 
public  mind  that  when  the  valuable  timber  has  been  once  removed 
from  a  forest  the  forest  itself  no  longer  has  a  value,  and  may  as 
well  be  cleared  away  so  that  the  soil  can  be  cultivated ;  or,  if  it  is 
allowed  to  remain,  it  is  usually  made  to  serve  as  a  range  for  cattle, 
and  is  thought  to  answer  this  purpose  best  when  burned  through 
by  the  forest  fires  every  autumn  or  spring. 

The  policy  of  the  average  citizen  appears  to  be  based  upon  the 
theory  that  our  natural  resources  are  inexhaustible,  and  that  we 
should  get  all  out  of  them  we  can  to-day  and  let  the  future  take 
care  of  itself.  And  so  thoroughly  grounded  are  these  notions  in 
our  public  and  private  policy  that  it  is  exceedingly  difficult  to 
secure  the  adoption  of  any  plan  which  runs  counter  to  them.  But 
fortunately,  in  the  matter  of  our  forests,  their  preservation  for  use 
by  a  future  generation  need  not  prohibit  the  utilization  of  the 
valuable  timber  now  standing  by  the  present  generation.  It  only 
demands  that  while  we  cut  and  make  use  of  this  timber  we  protect 
the  young  growth,  and  look  to  the  restocking  of  our  waste  lands 
with  valuable  trees,  and  thus  make  the  forest  valuable  for  future 
generations  also. 

The  examinations  of  the  forests  in  Eastern  North  Carolina  were 
begun  by  the  present  writer  several  years  ago.  More  extended 
investigations  have  been  carried  on  by  Mr.  W.  W.  Ashe  at  intervals 
during  the  past  two  years.  The  larger  part  of  the  information 
embodied  in  the  present  report  was  collected  by  him  during  a  series 
of  extended  trips  made  through  the  eastern  counties  during  the 
autumn  of  189e'i  and  the  following  winter.  As  shown  in  the  body 
of  this  Report,  the  approximate  supply  of  pine  timber  now  stand- 
ing in  Eastern  North  Carolina  is  about  8,200,000,000  feet,  and  this 
is  being  cut  at  the  rate  of  about  450,000,000  feet  per  annum.  These 
figures  point  in  unmistakable  terms  to  the  fact  that,  unless  mean- 
while we  encourage  the  growth  of  new  trees,  two  decades  more 
will  find  the  valuable  pine  forests  of  this  region  largely  a  thing  of 
the  past.  And  it  is  unfortunately  true  that  the  cutting  of  this  tim- 
ber is  often  followed  by  the  destruction  of  the  forest. 
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Indeed,  nothing  in  the  way  of  forest  management  could  be  more 
reckless  and  destructive  than  the  treatment  of  our  long-leaf  pine 
forests  during  the  past  few  decades.  In  the  boxing  for  turpentine 
the  trees  have  been  cut  so  deeply  and  so  extensively  that  both  their 
vitality  and  strength  have  been  greatly  weakened,  and  the  storms 
have  prostrated  many  of  the  finest  specimens.  The  lumberman 
and  the  storms  have  been  followed  by  forest  fires,  which  have  com- 
pleted the  destruction,  already  begun  in  so  systematic  a  manner,  of 
large  areas. 

Started  at  times  by  thoughtless  hunters  at  night,  by  sparks  from 
an  engine,  by  careless  squatters  or  tenants,  or  even  at  times  by 
land  owners,  in  the  hope  of  improving  the  grazing  capacity  of  their 
lands  during  the  following  season,  these  forest  fires  sweep  irresisti- 
bly across  miles  of  territory,  destroying  not  only  the  mature  for- 
est trees,  but  also  the  young  growth ;  and  thus  destroy  the  forest  of 
the  future  as  well  as  of  the  present.  And  the  few  young  pines 
which  may  have  escaped  destruction  in  this  way  soon  follow  the 
fate  of  the  others  by  being  destroyed  by  hogs.  Many  of  these  long- 
leaf  pine  lands  which  lie  in  the  sand  hill  regions  of  Eastern  North 
Carolina  have  had  their  forest  removed  so  completely  that  they  have 
become  "waste  lands,"  covered  by  a  thin  growth  of  nearly  worth- 
less scrubby  oak.  The  total  area  of  these  waste  lands  is  now  nearly 
half  a  million  acres,  and  is  steadily  increasing.  This  Report 
endeavors  to  show  that  while  much  of  these  waste  lands  are  worth- 
less for  other  purposes,  they  can  be  re-set  with  long-leaf  pine  forests 
if  they  can  only  be  protected  against  forest  fires  and  stock.  And  it 
is  gratifying  to  find  among  the  lumbermen  themselves  a  growing 
realization  of  the  fact  that  it  is  to  their  interest  and  to  the  interest 
of  the  public  at  large  that  this  destructive  policy  give  place  to  a 
more  intelligent  plan  which,  while  it  does  not  seriously  curtail 
the  utilization  of  the  existing  forests,  it  looks  to  their  protection 
and  perpetuity. 

It  is  devoutly  to  be  hoped  that  this  awakening  will  grow  into  a 
change  of  both  public  and  private  opinion  concerning  the  future 
of  our  forests,  and  lead  to  the  adoption  and  carr}ung  out  of  rational 
plans  for  their  perpetuity  and  improvement.  The  problems 
connected  with  the  accomplishment  of  this  end  will  be  discussed 
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more  fully  in  future  publications  of  the  Survey,  now  in  prepara- 
tion. The  object  of.  the  present  report  is  to  describe  briefly  the 
present  condition  of  the  forests  and  forest  lands  of  this  region.  The 
capital  invested  in  the  lumber  industry  in  Eastern  North  Carolina 
in  1893  amounted  to  $4,690,000,  and  more  than  8,000  men  were 
regularly  employed  in  connection  with  the  323  establishments. 
The  market  value  of  the  forests  products  of  this  region  for  1893^ 
including  naval  stores,  but  not  including  fire-wood  nor  fencing 
material,  amounted  to  $7,320,000.  Including  these  latter  items 
the  aggregate  annual  value  of  the  forest  products  of  the  region 
will  probably  reach  $12,000,000.  Certainly  this  is  an  industry  the 
future  maintenance  of  which  deserves  the  earnest  consideration  of 
the  State  and  her  individual  citizens. 

The  Survey  is  indebted  to  many  lumbermen,  naval  store  dealers 
and  manufacturers,  and  to  many  other  citizens  in  every  part  of  this 
region  for  their  kind  co-operation  in  the  work  of  collecting  infor- 
mation for  this  Report,  and  I  beg  to  assure  them  that  their  kind- 
ness and  hospitality  have  been  highly  appreciated. 

J.  A.  Holmes, 
State  Geologist, 


FORESTS,  FOREST  LANDS  AND  FOREST  PRODUCTS 
OF  EASTERN  NORTH  CAROLINA. 

By  W.  W.  Ashe. 

CHAPTER  I. 
FORESTS  AND  FOREST  LANDS. 

OBJECTS   OF    THIS    PRELIMINARY    FOREST   SURVEY. 

During  the  present  decade  there  has  been  a  marked  increase*  in 
the  lumber  industry  in  Eastern  North  Carolina  and  a  correspond- 
ing decrease  in  the  available  supply  of  standing  timber.  Already 
predictions  are  numerous  as  to  the  exhaustion  at  an  early  date  of 
the  supply  of  merchantable  long-leaf  pine  over  considerable  areas. 
The  boxing  of  these  pines  weakens  the  trees  and  makes  them  more 
liable  to  be  blown  down  by  the  wnnds,  and  far  more  liable  to  be 
destroyed  by  forest  fires,  which  by  their  frequency  and  extent  have 
entirely  removed  the  long-leaf  pine  forests  over  many  large  areas. 
These  pine  forests,  in  the  sandy  regions,  instead  of  being  replaced 
by  a  valuable  young  growth  of  the  same  kind  are  followed  by  a 
worthless  growth  of  sand  black-jack  oak.  Forest  fires  and  subse- 
quent pasturing  of  these  regions  with  cattle  and  hogs  are  the 
important  agencies  which  combine  to  prevent  the  long-leaf  pine 
from  reproducing  itself  over  the  larger  portion  of  these  sandy 
lands.  From  these  causes  the  extent  of  these  areas  of  waste  or 
abandoned  lands  is  increasing  steadily.  It  is  believed  that  under 
proper  majiagement  these  waste  lands  can  be  restocked  with  long- 
leaf  pine. 

The  present  examination  was  undertaken  with  a  view  to  deter- 
mining the  exact  condition  of  the  forests  of  the  eastern  section  of 
the  State,  the  rapidity  with  which  they  are  being  removed,  the 
condition  of  lumbered  districts,  the  character,  extent  and  condition 
of  the  regrowth  or  "second  growth,"  and  to  find  out,  if  possible, 
some  practicable  plans  for  the  protection,  development,  and  exten- 
sion, of  the  forests  of  this  region. 
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AREA    UNDER    CONSIDERATION. 

The  area  examined  embraces  thirty-eight  eastern  counties  and 
the  eastern  parts  of  six  more,  being  what  is  usually  termed  the 
long-leaf  pine  belt  in  North  Carolina.  This  is  the  '*  coastal  plain 
region  "  of  the  geologists,  which  extends  inland  from  the  coast  a 
distance  of  one  hundred  to  one  hundred  and  fifty  miles  and  has 
in  this  State  an  aggregate  area  approximating  24,000  square  miles. 
Its  western  border,  separating  the  hill  country  from  the  coastal 
plain  region,  may  be  described  as  an  irregular  line  extending 
through  the  western  part  of  Halifax  and  the  south-eastern  part  of 
Franklin  county,  passing  near  Raleigh  and  Cary  to  northern  Mont- 
gomery and  eastern  Anson  counties.  Its  surface  is  that  of  a  gently 
undulating  plain,  of  less  elevation  (ten  to  twenty  feet  above 
tide)  and  of  a  more  nearly  level  surface  eastward,  becoming 
more  elevated  (three  hundred  to  five  hundred  feet)  and  rolling 
along  its  western  border.  Its  soil  is  generally  a  sandy  loam  or 
sand,  though  in  limited  areas  clay  predominates.  In  the  more 
eastern  portion  of  this  region  are  numerous  extensive  swamps  or 
marsh  areas  surrounding,  in  some  cases,  small  lakes  and  bordering 
streams.  In  some  of  these  the  soil  is  mainly  an  admixture  of  sand 
and  vegetable  moldy  while  in  others  it  is  a  fertile  loam.  The  soil 
of  the  western  portions  of  this  region,  north  of  the  Neuse  river, 
varies  considerably,  but  is  ordinarily  a  loam,  becoming  sandy 
or  gravelly  in  some  places  and  clayey  in  others,  while  south  of 
Neuse  river  the  sand  predominates,  and  there  are  numerous  ele- 
vated, dry,  sandy  ridges  on  which  only  the  long-leaf  pine  and  the 
sand  black-jack  oak  flourish. 

KINDS    OF    (JROWTH. 

The  timber  over  the  entire  section  is,  on  the  highlands,  largely 
of  two  species  of  pine,  one,  the  loblolly  pine  {Pinus  Taeda  L.),  more 
confined  to  the  counties  north  of  the  Neuse  river  and  to  the  moister 
soil;  the  other,  the  long-leaf  pine  {Pinu8  paluMris  Mill.),  to  those 
south  of  this  river  and  to  the  drier,  more  sandy  soil.  Beneath 
these  trees,  where  the  soil  is  not  too  dry  and  sandy,  is  a  lower 
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growth  of  small  white  and  post  oaks,  dogwood,  haws  and  the  nar- 
row-leaved crab-apple,  while  where  the  soil  is  very  sandy  and  dry 
there  grows,  either  with  the  long-leaf  pine,  or  where  it  has  been 
removed,  a  small  worthless  oak,  the  sand  black-jack  or  barre*  oak 
{Queixus  (kUesbaei  Michx.),  and  less  frecjuently  the  high-ground  wil- 
low oak  (Quercus  cinerea  Michx.).  This  oak  is  also  a  small  tree  and 
indicates  the  most  barren  soil.  Besides  the  pines  just  referred  to, 
there  are  two  others  found  with  them,  the  short-leaf  pine  (P.  echi- 
naia  Mill.),  an  uncommon  tree  except  on  dark  loam  or  gravelly  soil 
along  the  western  and  northern  limits  of  this  section,  and  the 
savanna  pine  {P.  sei^otina  Michx.),  a  knotty,  unsymmetrical  tree 
occurring  from  Virginia  southward  along  the  margins  of  *'pine  bar- 
ren" ponds  or  scattered  in  small  clumps  over  the  open  savannas 
and  marsh  lands.  These  few  species  form  the  chief  growth  of  the 
higher  lands. 

The  swamp  lands,  with  a  total  area  of  about  ;J,500  square  miles, 
have  a  very  characteristic  and  varied  growth.  Bordering  these 
swamps  are  water  and  willow  oaks,  with  the  evergreen  loblolly 
bay  and  sweet  bay ;  farther  in  them  are  huge  swamp  chestnut  oaks 
{Quercus  Michatcxii  Nutt.),  elms,  maples,  beech,  holly  and  tall  rose- 
mary pines  {P.  Taeda  i.).  These  lands  constitute  the  oakflatHy  areas 
which  are  under  water  only  during  the  wettest  seasons  of  the  year. 
They  have  usually  a  good  soil  and  can  be  easily  drained. 

Where  the  water  is  deeper  in  the  swamps  and  remains  longer 
grow  the  cypress,  sweet  gum,  black  gum,  tupelo  and  yellow  poplar. 

In  the  mud  swamps  along  the  larger  streams  there  are,  besides 
cypress  and  gums,  ash,  overcup  oak,  cottonwood,  sycamore  and 
hackberry.  Mixed  with  the  other  swamps,  but  covering  less  area 
and  occurring  only  on  sandy  or  peaty  soil,  are  white  cedar  swamps, 
or  '^juniper  bays,"  as  they  are  usually  called.  The  tree  growth 
in  these  is  largely  and  often  entirely  juniper  or  white  cedar 
{Chamaecyparis  spheroidea  Spach.)  and  white  bay  {Magnolia  glauca 
L.).  In  the  extreme  eastern  part  of  this  section,  in  the  immediate 
vicinity  of  the  sea-coast,  there  is  a  characteristic  arborescent  flora 
of  red  cedars  and  live  oaks,  while  along  its  southern  limits  the 
palmetto  and  American  olive  {Olea  americana  L.)  give  it  a  semi- 
tropical  aspect.     On  the  other  hand,  as  the  clay  and  loam  of  the 
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hill  country  is  neared,  the  oaks  and  hickories  rapidly  increase 
among  the  pines,  making  the  transition  to  the  hardwood  uplands. 
While  this  does  not  exhaust  the  list,  even  of  the  useful  trees  of 
this  section,  it  includes  those  of  greatest  importance  and  widest 
distribution,  and  those  most  characteristic  of  the  region.  Those, 
however,  which  at  present  are  of  greatest  economic  importance  are 
the  pines,  cypress,  white  cedar,  ash  and  yellow  poplar,  and  these 
only  will  be  considered  in  detail,  as  the  other  forest  trees  of  this 
section  are  not  yet  subject  to  the  destructive  agencies  which  pre- 
vent the  extensive  propagation  and  even  threaten  the  future  exist- 
ence of  at  least  one  of  the  most  valued  of  these  trees. 

NOMENCLATURE  OF  THE  FOREST  TREES. 

The  names  of  many  trees  occurring  in  the  State  are  very  much 
confused,  some  trees  having  several  names  applied  to  them  in  the 
same  locality,  while  in  other  localities  the  same  name  is  given  to 
several  distinct  species.  This  is  particularly  true  of  the  pines  of 
thie  eastern  section,  so  much  so  that  the)^  frequently  cannot  be  dis- 
tinguished at  all  by  their  local  name^.  Names  which  are  in  very 
general  use,  and  the  use  of  which  will  prevent  confusion,  are  those 
adopted  by  the  United  States  Forestry  Bureau.  These  names 
will  be  used  throughout  this  report  and  are  given  in  the  following 
table  along  with  the  corresponding  botanical  terms  and  a  list  of 
the  other  names  generally  used  in  this  State,  with  the  region  to 
which  they  are  peculiar: 

LoN(i-LEAF  PINE  {Piuus  palustris  Mill.,  P.  australis  Michx.)  is 
known  everywhere  by  this  name,  but  long-straw  pine  is  a  term 
frequently  substituted  for  it,  the  leaves  of  the  pine  after  they  have 
fallen  being  always  called  "straw."  Long-leaf  old-field  pine  is  the 
name  givtn  to  the  young  growth  in  fields,  etc.  Pitch  pine  is  used 
in  the  north-eastern  counties  and  by  turpentine  distillers.  Heart 
pirie,  North  Carolina  p'me^  Georgia  pine  and  yellow  pine  are  lumber- 
men's names. 

Loblolly  pine  (P.  Taeda  L.)  is  a  name  rarely  heard  in  this 
State  in  the  field,  short-leaf  or  short-straw  pine  being  the  usual  name. 
Long-straw  pine  is  heard  in  the  north-east,  where  this  tree  grows 
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with  P.  echinata  (the  short-leaf  pine),  and  rosemary  pine  is  used  along 
the  Cape  Fear  river.  Slash  pine^  stvamp  pine  and  old-field  pine  are 
names  frequently  given  to  it.  Sap  pine^  North  Carolina  pine  and 
North  Carolina  sap  pine  are  names  in  use  among  lumbermen. 

Short-leaf  pine  (P.  echinata  Mill.). — Short-leaf  pine  and  yellow 
pine  are  names  given  it  in  the  middle  and  western  sections  of  the 
State,  and  it  is  there  also  the  old-fi^ld  pine.  It  is  spruce  pine  in 
eastern  and  south-eastern  counties  and  is  known  among  mill  men 
as  North  Carolina  and  yellow  pine. 

Savanna  pine  {P.  serotina  Michx.)  is  also  called  short-leaf,  and 
other  names  for  it  are  old-field  pine,  bastard  short-leaf  swamp  and 
pocosinpine.  This  pine  is  seldom  recognized  as  distinct  from  the  lob- 
lolly. Its  most  frequent  designation  where  so  distinguished  ispoco- 
sin  pinCy  from  its  growing  in  flat,  marshy  land ;  the  flat,  undrained 
lands,  usually  at  the  heads  of  streams,  being  called  "pocosins." 
These  pocosins  are  covered  with  a  low  growth  of  gums,  this  pine, 
and  an  undergrowth  of  gallberry  bushes,  huckleberries  and  androm- 
edas,  while  in  places  there  is  more  or  less  coarse,  densely  stooled 
grass  and  sedges.  This  land  often  appears  to  be  on  the  point  of 
becoming  savanna  land,  should  the  drainage  become  more  thorough 
or  its  surface  be  raised  by  an  accumulating  peat.  The  common 
names  for  the  other  trees  of  this  region,  which  are  being  discussed 
as  being  at  present  of  considerable  economic  importance,  are  widely 
known  and  merely  deserve  mention:  Cypress  (Taxodium  distichv/m 
Rich.);  yellow  poplar  {Liriodefiidron  tulipifera  L.);  white  cedar 
{Chamaecyparis  sph^oidea  Spach.),  often  colled  juniper,  a  name  that  is 
also  applied  to  a  small  shrub  farther  north.  Although  three  species 
of  ash  occur  no  distinction  is  made  between  them,  each  being  called 
simply  ash.  These  three  species  are  the  water  ash  {Fraxinus  plaiy- 
carpa  Michx.),  white  ash  {F.  Americana  L.)  and  red  ash  (F.  pubescens 
Lam.).  The  first  of  these  is  a  small  tree  confined  in  this  State  to 
swamps  in  the  extreme  eastern  and  southern  parts.  The  other 
two  are  larger  trees  and  occur  in  all  parts  of  the  State,  either  in 
swamps,  along  streams  or  in  moist,  cool  places. 
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ORIGINAL    DISTRIBITION    OF    THE    TINES. 

The  distribution  of  the  pines  and  the  respective  area  occupied  by 
each  in  this  State  has  changed  a  great  deal  since  the  first  explora- 
tion of  the  country. 

LoNG-LEAF  PINE  (P.  palustrk  Mill.). — The  distribution  of  no  tree 
has  been  more  affected  than  that  of  the  long-leaf  pine  by  the  trans- 
formation from  a  wilderness  to  a  civilized  country.  The  long-leaf 
pine  formerly  extended  over  the  entire  area  under  consideration, 
growing  upon  the  drier  portion  of  the  sand.  In  the  southern 
and  south-eastern  counties  it  formed  a  forest  of  pine,  unmixed  with 
other  trees,  but  in  the  northern  and  western  counties  it  was  confined 
to  the  sandy  or  gravelly  drift  along  the  higher  and  drier  ridges,' 
here  intermixed  with  short-leaf  pine  and  scattering  oaks,  while 
poplar  and  loblolly  pine  occupied  the  lowlands. 

Early  in  the  last  century  the  production  of  tar  and  turpentine 
was  a  profitable  industry  north  of  Albemarle  sound,  the  comnxodi- 
ties  being  taken  to  Norfolk  or  Nansemond,  Va.,  for  market.*  The 
crude  turpentine  was  shipped  to  England  and  there  distilled.  The 
largest  bodies  of  pine  which  then  yielded  turpentine  were  the  one 
on  ** Sandy  Ridge,"  lying  to  the  north  of  Edenton,  and  another 
east  of  Chowan  river,  in  Gates  county,  and  extending  north  into 
Nansemond  county,  Va.  Before  1850  these  had  ceased  to  be  of 
economic  consideration,  such  trees  as  had  withstood  the  fires  and 
wind  having  been  converted  largely  into  building  material.  Now 
only  isolated  trees  are  to  be  seen  here,  scattered  among  black-jacks 
on  the  highest  land.  That  they  ever  occupied  much  of  the  land 
might  be  questioned  but  for  the  tar-kiln  mounds  with  which  these 
counties  are  studded,  the  land  having  now  a  heavy  growth  of  lob- 
lolly pine,  and  the  mounds  even  bearing  trees  of  this  latter  species 
two  or  three  feet  in  diameter. 

Southward  these  pines  occurred  only  scattered  over  the  high, 
sandy  land  lying  between  Albemarle  sound  and  Washington.  Now 
a  tree  of  this  species  is  rarely  seen  here.  Between  Washington  and 
Newbern  on  a  high  sand  ridge,  with  an  area  of  .35,000  acres, 
was  the  finest  body  of  pine  in  the  Pamlico  peninsula,  but  there  is 
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now  very  little  merchantable  timber  of  this  kind  left  on  it.  West 
of  this  body  it  occurred  in  Beaufort,  Craven  and  Pitt  counties, 
only  thinly  dispersed  among  the  loblolly  pines  as  far  as  Kinston  in 
Lenoir  county,  where  on  a  suitable  soil  it  again  became  the  domi- 
nant forest  tree,  extending  west  as  far  as  Enfield,  and  nearly 
to  Raleigh.  On  the  maritime  sand  hills  just  within  the  sounds 
there  was  a  narrow  belt  in  Currituck  county,  and  in  Carteret  a 
wider  belt  in  the  middle  of  the  county,  lying  north  and  south, 
parallel  to  the  coast.  In  Currituck  it  is  now  confined  to  the  south- 
ern promontory  which  projects  into  Albemarle  sound,  and  in  Car- 
teret there  are  only  several  million  feet  of  mill  timber  on  the  sand 
ridges  opposite  Bogue  sound.  From  Carteret  southward  there  was 
some  uniformity  as  to  its  manner  of  occurrence.  It  occupied  a 
belt  from  two  to  twenty  miles  w^ide  immediately  on  the  coast; 
beyond  that  lay  a  poorly  drained  basin  of  variable  width  and 
broken  contiguity,  embracing  oak  flats  and  gum  and  cypress 
swamps.  The  long-leaf  pine  re-appeared  west  of  this  and  extended 
in  an  unmixed  forest,  broken  only  by  river  swamp,  streams  and 
occasional  "juniper  bays,"  to  its  western  limits  at  Cary  to  ten  miles 
west  of  Troy,  and  to  Lilesville  in  Anson  county.  It  is  in  this 
stretch  of  country  that  the  largest  areas  lie  which  are  either  par- 
tially or  completely  denuded  of  all  valuable  tree  growth  and  where 
a  future  growth  is  being  entirely  kept  down  by  the  systematic  burn- 
ings to  which  those  lands  are  subjected. 

South  of  North  Carolina  the  long-leaf  pine  extends  through 
Eastern  South  Carolina  and  Georgia,  Southern  Alabama  and  Mis- 
sissippi, and  west  of  the  Mississippi  river  it  re-appears  in  the  sandy 
uplands  of  the  valleys  of  the  Red  and  Sabine  rivers  in  Louisiana 
and  eastern  Texas,  where  it  reaches  its  greatest  development. 

The  quality  of  the  wood  of  this  pine  varies  considerably  with 
the  character  of  the  soil  on  which  it  grows.  Where  the  humus 
covering  on  the  soil  is  thin,  and  the  sand  very  deep,  the  tree  has  a 
coarser  grain  and  a  larger  proportion  of  sap  than  where  there  is 
more  organic  matter  in  the  soil,  and  it  is  not  so  highly  silicious. 
The  stocks  with  the  coarser  grain  and  larger  amount  of  sap  wood 
are  distinguished  as  pitch  pine,  those  with  the  finer  grain  and  less 
sap  wood  as  heart  or  yelloiv  pine.     The  pitch  pine  yields  turpentine 
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more  abundantly,  can  be  worked  for  a  longer  time,  and  is  less 
injured  by  repeated  boxing  and  chipping.  It  is  the  more  abund- 
ant in  Onslow  and  Brunswick  counties  near  the  sea-coast,  and  on  the 
highest  sand  hills  of  northern  Bladen,  Sampson  and  Cumberland 
counties.  The  yellow  pine,  containing  mostly  heart  wood,  makes 
the  finer  lumber  and  is  the  variety  sought  for  by  lumbermen. 

Loblolly  pine  (P.  Taeda  L.)  was  originally  confined  to  the 
lower  and  moister  land,  especially  where  it  was  loamy  or  slightly 
clayey,  over  the  entire  coastal  plain  region  and  westward  beyond 
it  about  forty  miles.  While  its  limits  have  not  materially  changed 
it  has  increased  its  acreage,  occupying  now  some  of  the  higher  and 
more  sandy  land,  especially  tracts  which  have  once  been  under 
cultivation  and  much  of  the  moister  soil  once  completely  or  par- 
tially occupied  by  the  long-leaf  pine.  Some  original  loblolly  land 
which  had  a  clayey  or  gravelly  soil  has  been  occupied  by  a  hetero- 
geneous growth  of  oaks,  the  white,  post  and  black  oaks  and 
the  black-jack  being  those  that  form  the  greater  portion  of  the 
hardwood  growth.  As  in  the  case  of  the  long-leaf  pine,  the 
*  quality  of  the  wood  of  the  loblolly  pine  varies  considerably  with 
the  different  kinds  of  soil  upon  which  it  grows,  and  these  varia- 
tions in  the  wood  and  habit  of  the  tree  have  given  rise  to  the  use 
of  different  local  names  which  are  applied  by  many  persons  through- 
out this  region  to  what  are  considered  by  them  different  varieties 
of  the  "short-leaf  pine,"  as  the  loblolly  is  commonly  called.  They 
are  all,  however,  the  same  species  (the  loblolly  pine)  and  their  dif- 
ferences in  quality  of  wood  and  appearance  are  due  simply  to  dis- 
similarity of  soil  and  other  conditions  which  surround  their  growth. 
The  principal  kinds  to  which  local  names  have  been  given  are  the 
following: 

(1).  The  rosemary  jnne  has  a  fine-grained  (or  sometimes  coarse) 
wood,  with  a  thin  sap.  It  grows  along  the  borders  of  deep  swamps, 
or  on  mounds  and  hummocks  within  them,  which  are  usually 
flooded  during  winter  and  spring.  It  grows  with  gums,  cypress 
and  ash,  and  is  here  the  largest  of  the  native  pines,  frequently 
attaining  a  diameter  of  5  feet  and  a  height  of  130  to  140  feet, 
with  a  clear  trunk  of  80  to  90  feet.  It  has  a  bright  brown  bark 
broken  into  large,  smooth,  rectangular  plates.     It  is  found  from 


DISTRIBUTION    OF    THE   TREES.  21 

Virginia  southward,  the  best  developed  trees  recently  observed 
being  found  on  the  Cape  Fear  river  and  its  tributaries.  South  of 
the  Cape  Fear  river  they  are  not  common.  Some  of  these  trees 
show  on  being  cut  that  they  are  over  400  years  old. 

(2).  The  swamp  or  slash  pine,  which  is  the  most  frequent  form  of 
the  loblolly,  has  a  coarse  grain,  with  the  sap  wood  occupying  half 
or  even  more  of  the  diameter.  The  tree  is  smaller  and  the  wood 
not  so  highly  valued  as  that  of  the  preceding,  and  is  also  said  to 
decay  more  rapidly.  It  is  most  common  on  the  moist  or  wet  lands 
north  of  the  Neuse  river,  where  it  forms  a  compact  forest;  and 
through  this  region  and  in  the  adjacent  parts  of  Virginia  it  is 
the  chief  lumber  tree. 

(3).  The  old-field  pine  is  a  growth  of  the  loblolly  pine  which  is 
often  looked  upon  in  the  south-eastern  counties  as  a  tree  distinct 
from  each  of  the  preceding.  It  is,  however,  only  a  vigorous, 
exceedingly  coarse-grained  loblolly  pine,  which,  having  grown  very 
fast,  has  only  a  small  proportion  of  heart,  logs  2  to  2J  feet  in  diam- 
eter rarely  having  one-fourth  of  their  diameter  heart.  Of  this 
open-grained  wood  both  heart  and  sap  decay  rapidly  on  exposure 
to  the  weather  unless  painted  or  otherwise  protected.  But  it  is 
now  being  used  very  largely  for  indoor  work,  for  which  it  is  well 
adapted. 

Short-leaf  pine  {Pintis  echinata  Mill.)  is  found  mixed  with  hard- 
woods on  all  the  dark,  gravelly  loam  of  the  uplands  and  is  there 
the  chief  lumber  pine.  In  the  eastern  counties  it  was  originally 
only  scatteringly  distributed,  even  in  those  adjacent  to  Albemarle 
and  Pamlico  sounds,  where  it  was  most  abundant.  From  here  it 
has  been  largely  removed.  South  of  Neuse  river  it  was  a  rare 
tree,  being  found  in  small  clumps  interspersed  among  the  long-leaf 
pines  where  the  soil  was  inclined  to  be  a  dry  or  gravelly  loam. 
Some  trees  on  fertile  soils  become  very  large  and  have  been 
removed  for  **tun  timber."  The  wood  of  these  larger  trees  is  only 
a  little  coarser  than  that  of  the  long-leaf  pine ;  it  is  much  lighter, 
though,  and  more  brittle.  On  the  sandy  soil  of  the  coastal  plain 
region  it  does  not  abundantly  reproduce  itself,  and  young  trees  are 
uncommon,  but  on  the  uplands  it  is  rapidly  increasing  and  its 
young  growth  promises  to  play  an  extensive  part  in  the  future 
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development  of  this  section.  As  it  has  the  smallest  cone  and 
shortest  leaf  of  any  pine  in  the  eastern  portion  of  the  State  it  can 
be  readily  distinguished.  This  pine  has  a  wide  distribution, 
extending  north  to  Massachusetts  and  west  to  Kansas  and  eastern 
Texas.     It  always  occurs  mixed  with  hardwoods  or  other  pines. 

Savanna  pine  cannot  readily  be  distinguished  from  the  lob- 
lolly in  young  trees,  but  mature  trees  are  easily  separated.  It 
is  a  medium-sized  tree,  whose  trunk  holds  its  size  well,  being  cov- 
ered with  limbs  and  knots  for  the  upper  two-thirds  of  its  height. 
The  leaves  are  similar  to  those  of  the  loblolly,  but  the  bark  is  a 
darker  brown  and  smoother.  It  is  always  covered  with  cones, 
which  remain  on  for  several  seasons.  These  are  shorter  than  the 
cones  of  the  loblolly,  conical,  and  usually  have  the  scales  closely 
oppressed.  This  species  is  of  but  little  commercial  value  and  is 
rarely  used  for  the  reason  that  the  wood  is  coarse-grained  and 
gummy,  with  a  large  proportion  of  sap  wood,  and  the  trees  are 
frequently  unsound.  The  savanna  pine  has  been  but  slightly 
affected  by  the  causes  which  have  operated  to  increase  or  diminish 
the  distribution  of  the  other  pines.  Being  sawn  for  lumber  only 
by  accident,  and  growing  only  on  a  few  kinds  of  soil,  and  such 
soils  as  are  unfit  for  agricultural  purposes,  the  amount  of  it  stand- 
ing to-day  is  practically  the  same  as  formerly. 

FORESTS    AND    FOREST    REGIONS    IN    EASTERN    NORTH    CAROLINA. 

The  following  descriptions  of  the  counties  of  the  coastal  plain 
region  show,  in  a  general  way,  not  only  the  quantity  of  merchanta- 
ble timber  now  standing  in  the  several  counties,  but  also,  when 
such  figures  were  obtainable,  the  areas  and  character  of  such  lands 
as  have  been  lumbered.  They  also  show  the  condition  in  which 
these  lands  were  left  after  being  cut  over,  and  the  kind  of  young 
growth  which  is  succeeding  the  one  removed,  whether  it  be  the 
same  or  a  different  kind,  and  give  such  tracts  as  have  been  burnt 
over  after  lumbering,  on  which  the  tender  young  growth  and  trees 
which  might  serve  for  seed  trees  have  been  partially  or  completely 
destroyed. 

The  acreage  of  the  various  kinds  of  timber,  excepting  the  long- 
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leaf  pine,  is  prepared  from  information  furnished  by  county  officials, 
lumbermen  and  residents  familiar  with  the  lands  of  their  respective 
sections.  The  amount  of  standing  long-leaf  pine  is  an  estimate 
based  on  the  number  of  barrels  of  rosin  produced  in  each  county, 
the  unboxed  round  pine  and  the  abandoned  orchard  also  being 
taken  into  consideration.  These  figures  were  corrected  in  some 
instances  by  the  estimates  obtained  direct  from  the  acreage  of  stand- 
ing pine,  the  figures  for  such  acreage  coming  from  county  records 
which  show  the  character  of  the  timbered  lands  of  the  townships. 
Besides  this  a  thorough  personal  examination  was  made  of  the 
condition  of  the  timbered  lands  in  different  sections  of  each  county. 

The  counties,  beginning  with  those  that  lie  rfearest  to  the  coast 
and  proceeding  inland,  have  been  grouped  according  to  the  char- 
acter of  their  dominant  economic  timbers  as  they  stand  at  the 
present  time. 

The  seaboard  region  lies  along  the  coast  or  but  a  short  dis- 
tance inland.  It  has  an  elevation  of  from  10  to  100  feet  above 
the  sea-level.  Its  average  altitude,  however,  is  not  over  30  feet, 
and  the  only  points  which  attain  an  elevation  above  70  feet  are 
a  line  of  drifting  sand  dunes  along  the  north-east  coast,  which 
in  places  are  over  100  feet  high.*  The  counties  included  in  this 
region  are  Columbus,  Brunswick,  Pender,  Onslow,  Duplin,  Carteret, 
Jones,  Craven,  Pamlico,  Beaufort,  Hyde,  Dare,  Tyrrell,  Washington, 
Chowan,  Perquimans,  Pasquotank,  Camden  and  Currituck.  These 
counties  have  loblolly  pine  as  the  dominant  forest  tree,  though  in 
the  most  southern  ones  there  is  considerable  long-leaf  pine,  and 
there  are  numerous  swamps  with  a  growth  of  sweet  and  black  gums, 
cypress  and  white  cedar. 

The  inland  loblolly  pine  region,  which  lies  along  the  Neuse 
river  and  north  of  it,  farther  inland  than  the  seaboard,  embraces 
the  counties  of  Gates,  Hertford,  Bertie,  Martin,  Pitt,  Greene,  Edge- 
combe, Wilson,  Lenoir,  Wayne  and  Johnston.  Their  elevation  is 
.slightly  higher  than  that  of  the  seaboard  counties,  and  will  aver- 
age between  100  and  150  feet,  being  higher  toward  their  western 
borders.     Their  upland  growth  is  nearly  all  loblolly  pine,  except 
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that  in  Lenoir,  Wayne  and  Johnston  counties  there  is  considerable 
long-leaf  pine.     There  are  few  swamps  except  along  the  streams. 

The  pine-barren  regions. — ^The  counties  containing  the  larger 
portion  of  the  pine-barren  areas  are  New  Hanover,  Sampson,  Bladen, 
Robeson,  Cumberland,  Harnett,  Richmond  and  Moore.  These  lie 
south  of  the  Neuse  river  and  just  west  of  the  southern  seaboard, 
excepting  New  Hanover,  which  is  situated  at  the  mouth  of  the 
Cape  Fear  river.  The  altitude  of  these  counties  varies  between 
about  the  same  limits  which  were  giv^n  for  the  inland  loblolly 
pine  counties.  Long-leaf  pine  or  the  sand  black-jack,  which  has 
largely  replaced  it,  is  the  characteristic  growth  of  these  counties. 

The  transition  region. — Nash,  Halifax  and  Northampton 
counties  form  a  tier  of  counties  which  are  transitional  between  the 
loblolly  uplands  and  the  hardwood  hills.  These  in  their  western  por- 
tions have  an  altitude  of  from  200  to  400  feet,  while  their  eastern 
portions  lie  at  a  lower  level.  They  have  no  swamps  except  narrow 
strips  of  alluvium  lowlands  along  the  streams,  which  are  subject  to 
overflow.  Montgomery,  Chatham  and  Wake  form  another  tier  of 
transitional  counties.  They  lie  partly  in  the  long-leaf  pine  belt 
and  partly  in  the  hardwood  hill  country.  The  western  portions  of 
these  counties  reach  an  altitude  varying  from  450  to  700  feet;  but 
along  the  streams  and  in  the  more  easterly  portions  their  altitude 
is  considerably  less. 

THE  SEABOARD  REGION. 

Brunswick  county  has  in  its  western  part  4,000  acres  of  white 
cedar  land,  most  of  it  located  along  Juniper  creek.  Green  swamp 
and  its  ramifications,  and  20,000  acres  of  excellent  cypress  and 
loblolly  pine  lands  which  have  never  been  lumbered.  The  lum- 
bered districts  lie  in  the  northern  part  of  the  county  along  the 
W.  C.  &  A.  R.  R.  and  in  the  northern  arms  of  the  Green  swamp, 
which  are  tributary  to  the  Cape  Fear  river.  Much  timber  has 
also  been  rafted  out  by  way  of  Waccamaw  river  from  the  extreme 
western  part  of  the  county  to  the  mills  at  Georgetown,  S.  C.  The 
oak  lauds  bordering  the  numerous  swamps  are  equal  in  area  to 
the  cypress  lands  and  are  destined  to  become  very  valuable.  The 
entire  swamp   area  is  166,000   acres,  one-half  of  which  is  gum 
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swamps  aud  cane  brakes.  The  cutting  has  been  done  gradually  in 
these  swamps  and  the  young  growth  is  in  a  fair  condition.  The 
long-leaf  pine  lands  lie  in  the  southern  and  central  parts  of  the 
county  and  consist  mostly  of  turpentine  orchards  either  still  being 
worked  or  now  abandoned.  There  are  in  this  county  130,000,000 
feet  of  standing  long-leaf  pine. 

CoLUMBCs  COUNTY  has  in  its  southern  and  eastern  parts,  along 
Waccamaw  river  and  the  lake  swamp  and  in  Green  bay,  some 
very  fine  cypress.  These  bodies  have  in  part  been  lumbered.  In 
White  and  Brown  marshes  and  in  the  western  section  of  the 
county,  along  Lumber  river  and  Big  swamp,  there  are  large  tracts 
of  unlumbered  cypress  lands.  The  total  area  of  cypress  in  the 
county  is  about  32,000  acres.  In  Green  bay  swamp,  from  which 
large  quantities  of  white  cedar  have  already  been  taken,  there  still 
remains  a  great  deal  more.  There  are  60,000  acres  of  sw^amp  lands 
in  the  county.  On  the  level  pine  flats  there  are  between  ten  and 
twenty  thousand  acres  of  loblolly  pine,  largely  second  growth, 
very  little  of  which  has  ever  been  cut.  The  long-leaf  pine  lands 
lying  in  the  central  and  northern  portions  of  the  county  have 
145,000,000  feet  of  merchantable  pine  standing  on  them. 

Di'PLix  COUNTY  contains  about  12,000  acres  of  cypress  swamp 
along  the  North  East  river  and  its  tributaries.  Adjacent  to  the 
streams  much  of  the  best  timber  has  been  culled  or  picked  over. 
The  remaining  merchantable  cypress  lies  principally  along  North 
East  river,  Back  swamp,  Goshen,  Lock  wood  and  Cypress  pocosins. 
There  are  excellent  water  oak,  willow  oak  and  swamp  chestnut 
oak  in  the  flats  bordering  the  above-mentioned  swamps  and 
Angola  bay.  There  is  some  ash  and  yellow  poplar,  but  the  wood 
of  neither  tree  is  here  of  a  superior  quality.  Over  one-half  of  the 
swamp  area,  which  amounts  to  about  38,000  acres,  is  covered  w-ith 
compact  forests  of  black  and  sweet  gum  and  tupelo.  The  loblolly 
pine,  which  is  largely  second  growth,  occupies  about  50,000  acres. 
There  is  still  some  rosemary  pine  on  the  more  fertile  lands  around 
the  smaller  swamps.  The  quantity  of  standing  long-leaf  pine  is 
not  large,  only  68,000,000  feet.  This  county  and  Pender  have 
furnished  a  great  deal  of  timber  for  the  Wilmington  mills. 

Pender  county. — Several  of  the  swamps  of  this  county  are 
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continuations  of  the  swamps  of  Duplin  which  lie  along  the  North 
East  river.  Besides  these  there  is  Holly  Shelter  swamp,  a  large 
swamp  in  the  eastern  section  of  the  county  and  extending  into 
Onslow  county.  There  is  altogether  15,000  acres  of  cypress  land, 
one-third  of  which  has  been  culled,  the  largest  and  finest  trees 
having  been  cut  out  to  make  drawn  shingles  from  them.  The 
finest  cypress  is  located  in  Holly  Shelter  and  the  North  East  river 
swamp.  Angola  bay,  lying  partly  in  this  county  and  partly  in 
Duplin,  covers  120,000  acres.  Through  this  swamp  there  are 
extensive  areas  which  have  a  very  poor,  sandy  soil  and  are  covered 
only  with  reeds  and  brambles  and  the  savanna  pine.  There  is  a 
considerable  area  of  water  oak  and  swamp  white  oak  fiats  border- 
ing the  swamps.  The  swamp  area  is  about  160,000  acres.  The 
loblolly  is  largely  second  growth  and  occupies  the  fiat  pine  lands 
of  the  middle  section.  There  are  90,000,000  feet  of  long-leaf  pine 
standing  in  the  county. 

Onslow  county. — Although  this  county  has  a  very  large  swamp 
area,  over  100,000  acres  being  swamp,  only  about  4,000  acres  of  it, 
consisting  of  narrow  strips  along  the  streams,  can  be  called  cypress 
land.  Both  White  Oak  swamp  and  Holly  Shelter  swamp  are 
fringed  with  a  broad  belt  of  swamp  white  oak  and  water  oak  flats. 
At  least  one-third  of  these  swamps  is  **gladey,"  being  covered  with 
gallberry  bushes,  or  cane  brakes  and  a  scrubby  growth  of  savanna 
pines,  and  has  a  soil  of  sand  that  is  exceedingly  barren  of  fertility 
and  forests.  There  are  no  extensive  areas  of  heavily  timbered 
gum  swamp  in  the  county.  Loblolly  lands,  covering  58,000  acres, 
occupy  the  greater  part  of  the  center  of  the  county,  while  the 
long-leaf  pine  lies  chiefly  in  the  north-western  part.  There  are 
60,000,000  feet  of  the  latter  standing.  The  sand  hills  adjacent  to 
the  coast,  formerly  covered  with  long-leaf  pine,  are  now  almost 
denuded.  In  parts  of  the  county  near  the  coast  there  is  a  scatter- 
ing growth  of  red  cedars.  They  are,  indeed,  in  this  and  Carteret 
counties  more  abundant  than  in  any  other  portions  of  the  State, 
but  are  generally  found  in  considerable  numbers  on  all  the 
*' banks"  and  islands  skirting  the  coast.  White  cedar  occurs  in 
several  "bays"  in  the  w^estern  section  of  the  county,  and  forms  the 
growth  of  a  "bay"  of  considerable  size  near  the  source  of  White 
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Oak  river.  The  loblolly  and  cypress  have  been  removed  to  a  large 
extent  from  the  territory  drained  by  White  Oak  river.  Lumber- 
ing has  only  lately  begun,  however,  in  other  parts  of  the  county. 

Carteret  corxTY. — There  is  now  found  in  Carteret  county 
scarcely  any  cypress  suitable  for  mill  purposes.  The  loblolly  pine 
area  is  about  30,000  acres,  over  one-half  of  w-hich  have  been  lum- 
bered. In  southern  Carteret,  near  the  coast,  there  are  20,000,000 
feet  of  long-leaf  pine,  all  consisting  of  timber  sttvnding  in  aban- 
doned orchards.  In  the  eastern  section  of  the  county  there  is  an 
open  pocosin  of  80,000  acres,  bordered  with  oak  flats,  but  farther 
in  only  poorly  timbered  with  savanna  pine  or  in  places  entirely 
open. 

Craven  county. — Although  extensive  lumbering  has  been  car- 
ried on  in  this  county  for  over  half  a  century  it  has  large  tracts  of 
second  growth  of  loblolly  forest  which  have  never  been  cut  into. 
The  long-leaf  pine  was  first  removed  and  was  rapidly  replaced  by 
the  loblolly  pine,  except  on  the  high,  sandy  lands  lying  north  of 
the  Neuse  river.  Most  of  the  lumber  now  manufactured  in  the 
county  is  from  this  latter  pine,  although  for  some  mills  the  savanna 
pine  furnishes  a  great  many  logs.  There  are  neairly  200,000  acres  of 
swamp  in  the  county,  the  Dover  swamp,  lying  in  the  south-western 
section,  having  an  area  of  over  120,000  acres.  This  swamp  is 
sandy,  and  in  the  interior  is  covered  with  an  open  growth  of  the 
savanna  pine  and  occasional  cane  brakes.  It  has  been  partially 
lumbered.  The  other  swamps  are  fringed  with  swamp  chestnut, 
oak  or  water  oak  flats,  which  have  never  been  cut  into.  Besides 
the  swamp  lands  there  is  a  great  deal  of  loblolly  pine  land  south 
of  the  Neuse,  which  has  been  more  or  less  cut  over.'  North  of  the 
Neuse  the  loblolly  pine  lands  are  in  about  the  same  condition  as 
on  the  southern  side.  There  are  in  the  county  probably  38,000 
acres  of  unlumbered  loblolly  pine  land.  The  supply  of  cypress 
and  ash  in  the  river  swamps  is  nearly  exhausted.  Swift  creek  atfd 
Trent  river  being  now,  the  principal  sources  of  supply. 

Jones  county  lies  between  Craven  and  Onslow  counties  and  is 
penetrated  by  some  of  the  largest  swamps  in  this  region.  Dover 
swamp  lies  in  the  northern  part  of  Jones,  and  White  Oak  swamp 
covers  a  large  part  of  the  territory  south  of  the  Trent,  which  flows 
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through  the  center  of  the  county  and  with  its  tributaries  drains 
nearly  its  entire  area.  In  the  extreme  eastern  part  lies  the  great 
poeosin  of  which  Catfish  lake  is  the  center.  This  pocosin,  extend- 
ing eastward,  occupies  under  different  names  much  of  the  territory 
of  southern  Craven.  All  of  these  swamps  in  their  interior  have 
considerable  tracts  of  land  entirely  untimbered,  or  covered  with 
scattering  savanna  pines,  small  maples  and  gums,  and  have  a  large, 
unproductive  soil  of  silt.  They  are,  for  the  most  part,  bordered  by 
extensive  oak  flats,  though  around  White  Oak  swamp  there  are 
still  large  quantities  of  yellow  poplar,  ash  and  cypress.  The  cypress 
along  the  Trent  river  has  been  largely  removed.  The  entire  swamp 
area  in  the  county  approximates  125,000  acres.  Excepting  some 
narrow  strii)s  of  sand  hills  lying  parallel  to  the  Trent  river,  which 
have  a  few  million  feet  of  long-leaf  pine  on  them,  the  rest  of  the 
county  consists  of  flat,  loblolly  pine  lands,  which  have  been  largely 
cut  over.  There  are  between  25,000  and  30,000  acres,  mostly  lying 
in  the  western  part  of  the  county,  yet  in  a  virgin  state.  This 
county  yearly  supplies  several  million  feet  of  logs  for  the  mills  at 
Newbern. 

Pamlico  county  has  3,000  acres  of  white  cedar  swamp,  partly 
lumbered,  lying  near  Vandemere  and  along  the  western  edge  of 
Big  Gum  swamp  in  the  northern  part  of  the  county.  There  are 
7,000  acres  of  cypress  swamp,  over  half  of  which  are  lumbered. 
This  cypress  swamp  lies  near  the  mouth  of  Bay  river  and  in  Gum 
swamp.  The  remaining  swamp  area  is  heavily  timbered  with  yel- 
low poplar,  gums,  chestnut  oaks  and  water  oaks.  The  soil  of  these 
swamps,  though  inclined  to  be  peaty,  is  exceedingly  fertile.  The 
loblolly  formerly  covered  all  the  rest  of  the  county  with  the  excej)- 
tion  of  a  narrow  strip  of  high,  sandy  land  in  the  north-western  sec- 
tion, which,  in  the  character  of  its  soil  and  the  kinds  of  trees  which 
grew  on  it,  approached  the  pine  barrens.  There  is  now,  however, 
no  merchantable  long-leaf  pine  in  the  county  and  not  more  than 
10,000  acres  of  loblolly  pine  suitable  for  milling  purposes.  The 
central  part  of  Big  Gum  swamp  is  open,  covered  with  scattered 
savanna  pines  and  an  undergrowth  of  gallberries,  huckleberries, 
brambles,  etc. 

Beaufort  county. — There  is  some  cypress  along  Chocowinity, 
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Blount  and  the  other  streams  of  the  county,  but  the  supply  is 
rapidly  being  exhausted.  The  loblolly  pine,  which  had  an  original 
area  of  over  100,000  acres,  has  been  largely  removed  except  in  the 
north-eastern  section.  Much  of  the  best  oak  in  the  county  has  been 
converted  into  staves  for  the  West  Indies  trade. 

The  Pamlico  peninsula,  consisting  of  the  counties  of  Hyde, 
Dare,  Tyrrell  and  Washingtou,  is  largely  swamp,  having  over 
1,000,000  acres  of  swamp  in  it.  The  uplands  consist  of  narrow 
strips  surrounding  the  swamp  and  land  which  has  been  drained 
around  lakes  Phelps,  Pungo  and  Matturauskeet.  Around  the  east- 
ern edge  of  the  swamp  and  enclosing  the  sound  is  a  narrow  strip 
of  treeless  sand  dunes.  Much  of  the  soil  of  the  swamp,  especially 
in  Dare,  Hyde  and  Tyrrell,  i.s  peaty  and  covered  with  a  growth  of 
white  cedar  and  bays.  There  is  estimated  to  be  about  40,000  acres 
of  white  cedar  now  in  the  swamp.  The  cypress  acreage  is  not  near 
so  large  as  formerly,  but  there  is  still  a  large  amount  standing. 
The  largest  bodies  lie  in  Tyrrell  and  Washington  counties.  The 
cypress  lands,  too,  are  the  most  fertile,  and  have  to  a  large  extent 
been  drained  and  put  under  cultivation.  Along  the  outer  edges 
of  the  swamps  are  oak  fiats,  which  in  Hyde  are  very  extensive. 

The  northern  portions  of  Dare,  Tyrrell  and  Washington,  border- 
ing on  the  sound,  have  a  growth  largely  of  loblolly  pine  with  some 
oak  lowlands.  The  standing  pine  has  been  removed  from  over 
half  of  this  area,  which  is  about  100,000  acres.  In  western-  Dare 
there  are  also  extensive  tracts  of  pine  lands  which  extend  into 
Beaufort  county.  Much  of  the  swamp  in  Washington  and  Tyrrell 
counties  is  thinly  timbered  with  the  savanna  pine.  There  is  a 
great  deal  of  soft  maple  and  yellow  poplar  scattered  through  the 
swamp,  and  in  places  on  the  most  fertile  soils  are  considerable 
quantities  of  hickory,  both  the  shag-bark  and  white-heart  hickory. 
Lumbering  has  been  one  of  the  leading  industries  of  these  coun- 
ties for  a  great  many  years,  the  numerous  canals  and  streams  which 
penetrate  the  region  affording  great  facilities  for  removing  timber. 

The  counties  north  of  Albemarle  sound  are  so  similar  in  the 
character  of  their  forests  and  soil,  and  are  so  closely  connected  with 
each  other,  that  they  can  best  be  described  as  one  body.  Five 
counties  occupy  this  territory,    Chowan,  Perquimans,  Pasquotank, 
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Chmden  and  Carritu4^>k,  lying  from  west  to  east  in  the  order  named. 
All  except  Chowan  are  penetrated  in  the  northern  parts  by  the  Dis- 
mal swamp,  or  arms  of  it  which  lie  on  the  boundary  between  this 
State  and  Virginia.  About  65,000  acres  of  Dismal  swamp  area  lie 
in  these  counties.  Although  the  swamp  varies  a  great  deal  in 
character  of  soil,  most  of  it  is  peaty  and  was  formerly  covered  bj' 
a  heavy  growth  of  white  cedar.  All  of  this  cedar  swamp  has  been 
lumbered,  except  about  8,000  acres,  and  about  8,000  acres  have 
been  repeatedly  burnt  over,  effectually  destroying  all  trees,  and  in 
places  burning  out  the  soil  to  a  great  depth.  There  were  some  nar- 
row tracts  of  cypress  in  the.se  swamps,  and  also  in  the  swamps 
along  the  streams,  but  the  cypress,  like  the  white  cedar,  has  been 
largely  removed.  These  streams  rise  in  the  Dismal  swamp  and 
flow  southward,  cutting  this  territory  into  long  divisions,  forming  the 
natural  bounijaries  of  the  counties  and  convenient  water-ways  for 
removing  timber  along  them.  Oak  was  at  onetime  abundant,  but 
the  finest  has  been  cut  out  for  staves  and  to  supply  the  Norfolk 
navy  yards.  The  finest  pine  also  was  removed  many  years  ago  for 
use  in  the  navy  yards. 

The  construction  of  two  canals,  the  numerous  natural  water- 
ways, and  later  a  railroad  crossing  these  at  right  angles,  asso-. 
ciated  with  the  nearness  of  Norfolk  and  the  facilities  offered 
there  for  the  shipment  and  marketing  of  lumber,  had,  as  early 
as  1850,  built  up  a  large  trade  in  timber  and  lumber  from 
these  counties.  The  lumber  which  is  now  manufactured  is  almost 
entirely  from  the  loblolly  pine.  During  the  past  decade  there  has 
been  shipped  from  this  section  in  the  log  over  800,000,000  feet 
board  measure,  while  nearly  as  much  more  has  been  sawn  by  local 
mills;  but  such  is  the  wonderful  recuperative  power  of  the  loblollj^ 
pine  forests  on  a  suitable  soil  that  now  there  remains  not  less  than 
25,000  acres  of  merchantable  pine.  The  production  of  timber  in 
these  counties  is,  however,  not  one-half  of  what  it  was  ten  years 
ago,  and  sooner  or  later  the  annual  output  will  be  reduced  to  the 
increase  in  the  forest  by  the  growth  each  year. 

These  regions  around  the  Dismal  swamp  were  about  the  south- 
ern limits  of  the  economic  distribution  of  the  holly,  the  trees  reach- 
ing here  a  large  size.     Large  quantities  of  holly,  dogwood  and  soft 
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maple  have  also  been  removed,  but  there  is  still  a  great  deal  left. 
Some  sandy  ridges  near  the  middle  of  these  counties  were  once  cov- 
ered with  long-leaf  pine,  but  there  are  scarcely  any  trees  of  it  left 
now.  The  area  of  these  counties  is  750,000  acres,  over  95,000  of 
which  are  in  swamps.  The  savanna  pine  is  found  at  intervals 
through  the  swamps,  and  extends  into  Southern  Virginia,  as  does 
the  tupelo  gum.  Some  of  the  cypress  lands  are  largely  timbered 
with  gums.  The  soil,  for  the  most  part,  is  sand  or  a  sandy  loam, 
but  in  the  Dismal  swamp,  where  it  is  not  peaty,  it  is  usually,  com- 
posed of  fine  silt.  The  timber  lands  of  these  counties  have,  as  a 
rule,  been  more  thoroughly  lumbered  than  any  others  in  the  State. 

THE  INI^AND  LOBLOLLY  PINE   REGION. 

(tates  county,  like  the  region  just  described,  lies  on  the  Virginia 
hne,  and  has  the  extreme  eastern  part  lying  in  the  Dismal  swamp. 
The  Chowan  river,  which  forms  the  southern  and  western  boundary 
of  the  county,  has  along  its  entire  course  a  narrow  swamp.  There 
are  20,000  acres  of  white  cedar  lands  in  this  swamp  and  several 
thousand  acres  in  the  Dismal  swamp  which  are  untimbered.  The 
little  cypress  still  standing  in  the  county  lies  along  Bennett's  creek. 
Loblolly  pine,  which  occupied  the  central  and  eastern  parts  of  the 
county,  growing  on  a  sandy  loam,  has  been  removed,  except  between 
ten  and  twenty  thousand  acres  which  are  in  small  tracts.  In  the 
western  part  of  the  county  is  a  high  sand  ridge  resembling  the  pine 
barrens.  The  long-leaf  pine  has  been  removed  from  this  and  an 
open  growth  of  loblolly  and  short-leaf  pine  with  black-jack  beneath 
them  has  taken  its  place.  In  the  extreme  north-western  portion 
there  is  a  strip  of  bright-colored  loam  soil,  timbered  with  a  heavy 
growth  of  post,  black  and  red  oaks.  Most  of  the  timber  cut  from 
this  county  is  transported  to  Virginia. 

Hertp^ort)  county  is  the  first  of  a  number  of  counties  lying  in 
the  pine  uplands  which  has  no  large  swamps.  The  eastern  and 
southern  parts  of  the  county  have  a  sandy  loam  soil,  in  places 
silty  and  very  compact,  which  was  covered  with  a  dense  loblolly 
[>ine  forest,  now  largely  lumbered,  through  which  were  interspersed 
narrovv  strips  of  white  and  red  oak  lands.  In  the  northern  part  of 
the  county  there  is  more  oak  and  dogwood  mingled  with  the  pine. 
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There  are  about  25,000  acres  of  unlumbered  loblolly  pine  land. 
The  cypress,  which  is  confined  to  the  alluvial  land  along  the  streams, 
is  more  abundant  along  the  Ahosky  and  Pottecasy  than  any  other 
streams. 

Bertie  county  has  a  soil  and  growth  similar  to  those  of  Hert- 
ford county,  consisting  for  the  most  part  of  upland  loblolly  pine 
lands.  In  the  southern  part,  however,  it  is  skirted  by  the  Roanoke 
river,  which  is  bordered  with  a  broad  swamp  still  having  large 
quantities  of  white  and  red  oaks,  gums,  maple,  cottonwood,  hickory, 
sycamore  and  elms  and  some  ash  and  cypress  in  it.  There  is  also 
some  cypress  along  Cashie  and  Roquest  creeks.  Although  the  tim- 
ber yield  of  this  county  has  been  very  large  for  a  number  of  years 
there  are  now  standing  65,000  acres  of  unlumbered  loblolly  pine. 
Early  in  this  century  Bertie  county  was  known  as  the  **  pine  forest," 
on  account  of  the  density  and  excellence  of  its  forests  of  this  tree. 

Martin  county  lies  south  of  Bertie  on  the  opposite  side  of  the 
Roanoke.  Its  soil  is  similar  to  that  of  the  last  described  counties, 
but  the  Roanoke  river  swamp  is  less  continuous,  being  confined  to 
several  bends  in  the  river  in  the  eastern  part  of  the  county.  Along 
the  river  there  are  some  narrow  sand  ridges,  now  covered  with 
black-jacks  and  small  post  and  red  oaks.  The  remainder  of  the 
forest  area  is  loblolly  pine  land,  about  two-thirds  of  which  has 
been  cut  over.  The  county  is  the  seat  of  extensive  milling  opera- 
tions. 

Pitt  county,  being  drained  in  the  northern  and  eastern  parts  by 
the  Tar  river  and  Grindle  creek,  one  of  its  largest  tributaries,  has 
for  many  years  furnished  large  qualities  of  timber  for  the  mills  at 
Washington.  Along  all  the  streams  are  large  stretches  of  cypress 
swamp  and  oak  lands,  the  latter  forming  virgin  forests  and  the  for- 
mer only  partially  lumbered.  The  lol)lolly  pine  near  the  larger 
streams  has  been  extensively  cut.  In  the  southern  and  western 
sections  the  soil  becomes  more  sandy,  and  the  original  growth,  long- 
leaf  pi  tie,  has  been  replaced  by  loblolly  pine,  mixed  with  a  low 
growth  of  oaks.  The  loblolly  has  never  been  removed  from  this 
.section. 

Greene  county,  which  lies  just  south  of  Pitt,  has  in  the  north- 
ern parts  a  soil  similar  to  that  of  the  adjacent  portion  of  Pitt,  and 
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is  covered  with  similar  forests.  In  the  southern  section  the  soil  is 
more  sandy  and  there  are  numerous  sand  hills,  approaching  the 
pine  barrens,  now  nearly  denuded  of  the  long-leaf  pine,  which  was 
once  abundant,  and  largely  covered  with  sand  black-jacks.  Along 
Contentnea  creek  and  its  numerous  tributaries,  which  drain  the 
entire  county,  are  extensive  tracts  of  cypress  swamps.  In  the 
northern  part  of  the  count}'  these  swamps,  which  extend  over  into 
Pitt,  have  been  but  little  lumbered;  in  the  central  portion,  however, 
exploration  has  been  carried  farther.  About  one-half  of  the  forest 
lands,  or  30,000  acres,  is  still  covered  with  merchantable  loblolly 
pine. 

Edgecombe  and  Wilson  counties  lie  west  of  those  last  described 
and  have  an  average  elevation  of  about  50  feet  higher  than  that 
of  these  counties.  Their  soil  is  considerably  drier  and  more  sandy 
than  that  of  the  section  to  the  east  of  them,  being  a  sandy  loam, 
which  in  places  passes  almost  into  sand.  The  long-leaf  pilie,  which 
primarily  occupied  these  lands,  has  been  largely  destroyed  and  a 
scattering  growth  of  loblolly  pine,  with  an  undergrowth  of  low 
post  and  red  oaks  and  dogwood  or  thickets  of  black-jack  oak,  have 
ta,keu  its  place.  There  are  along  the  streams  occasional  strips  of 
cypress  swamp  which  have  not  been  lumbered  and  there  is  a  con- 
siderable quantity  of  other  swamp  timber,  sweet  and  black  gums, 
tupelo,  soft  maple,  and  occasional  overcup  and  chestnut  oaks. 
Although  over  one-half  of  the  area  of  these  counties  is  under  cul- 
tivation, there  is  still  standing  a  considerable  quantity  of  mer- 
chantable loblolly  pine. 

Wayne,  another  of  the  loblolly  pine  counties,  has  in  the  section 
contiguous  to  Wilson  county  a  soil  and  forest  similar  to  those  of 
Wilson,  but  south  of  the  Neuse  river,  which  flows  through  the 
centre  of  the  county,  there  are  extensive  tracts  of  pine  barrens, 
stripped  of  pine  and  covered  with  sand  black-jack  oak  or  com- 
pletely denuded.  Skirting  the  Neuse  river  and  its  tributaries  are 
tracts  of  swampy  alluvium,  on  which  there  are  still  merchantable 
gams  and  oaks,  and  in  places  cypress  and  ash.  The  loblolly  pine 
(rosemary),  which  was  once  abundant  along  these  lands,  has  for  the 
most  part  been  removed.  There  are  several  small  white  cedar 
•* bays'*  at  different  places  in  the  county.     The  loblolly  pine,  except 


34  FORESTS,    FOREST    LANDS    AND    FOREST    PRODUCTS. 

that  along  the  streams,  is  all  second  growth  and  forms  open  forests. 
About  one-fifth  of  the  wood  land,  or  30,000  acres,  is  loblolly  pine 
fit  for  mill  timber.  When  removed  this  loblolly  pine  is  apt  to  be 
succeeded  by  small  oaks.  There  are  now  standing  in  this  county 
probably  30,000,000  feet  of  scattering  long-leaf  pine. 

Lenoir  COUNTY  is  situated  on  the  Neuse  just  below  Wayne,  and  its 
swamp  lands  along  the  Neuse  are  of  the  same  character  and  in  a 
similar  condition.  The  extreme  southern  and  western  parts  of 
the  county  are  very  sandy,  and  in  places  on  the  ridges  there  are 
important  bodies  of  long-leaf  pine,  or  black-jack  oak,  which  in 
places  has  replaced  it,  while  between  the  ridges  there  lie  very  nar- 
row alluvial  or  peaty  bottoms  covered  with  a  growth  of  swamp 
timbers.  Scattered  through  the  county  are  plains,  at  times  inun- 
dated, on  which  there  is  a  growth  of  oaks,  maples,  elms  and  ash. 
The  eastern  section  is  flat  loblolly  pine  land  covered  with  a  heavy 
growth,  except  near  the  river;  but  there  are  scattered  through  this 
loblolly  pine  forest  small  pocosins  covered  with  savanna  pines 
and  a  variety  of  shrubs.  There  are  about  30,000  acres  of  loblolly 
pine  and  30,000,000  feet  of  standing  long-leaf  pine  in  the  county. 

Johnston  county  lies  west  of  Wayne  and  is  also  drained  by 
the  Neuse.  Along  the  river  and  its  numerous  tributaries  there 
are  the  usual  strips  of  swampy  alluvium  covered  with  swamp 
timbers.  In  the  eastern  and  southern  parts  of  the  county  the  soil 
is  a  sandy  loam,  which  becomes  more  loamy  toward  the  north  and 
west,  and  the  surface  in  these  sections  is  more  rolling  and  hilly. 
The  timber  on  this  loam  consists  of  long-leaf  pine,  mixed  with 
oaks  and  loblolly  pine,  and  in  the  southern  section  near  the  river 
there  are  quantities  of  valuable  loblolly  pine.  There  has  been 
very  little  milling  done  in  the  county,  but  considerable  timber  has 
been  rafted  to  mills  down  the  river.  The  long-leaf  pine  is  being 
very  rapidly  replaced  by  the  loblolly  pine,  the  amount  of  the. 
former  now  standing  being  only  about  160,000,000  feet. 

THE  PINE-BARREN   REGION. 

In  Robeson  (x)UNTY  there  is  along  the  dark  loam  lands  of  the 
Lumber  river  28, ()()()  acres  occupied  exclusively  bj^  the  loblolly 


THE    PIXE-BARREX    REGION.  35 

pine.  This  pine  is  in  all  stages  of  growth,  and  is  gradually  taking 
the  place  of  the  long-leaf  pine  as  the  latter  is  being  destroyed  by  for- 
est fires  or  otherwise.  Many  of  these  tracts  covered  with  loblolly 
pine  appear,  however,  to  have  always  been  occupied  by  this  tree 
which  here  forms,  on  soil  sufficiently  nioist  and  loamy,  small  clumps 
of  unmixed  growth  frequently  100  acres  or  more  in  extent.  These 
trees  are  coarse-grained,  largely  of  sap  wood,  and  are  from  two 
to  two  and  one-half  feet  in  diameter.  None  of  these  have  ever 
been  cut  for  lumber.  In  Big  swamp  there  is  probably  5,000  acres 
of  loblolly  pine,  which  is  largely  of  the  rosemary  variety,  mixed 
with  large  gums  and  cypress  trees.  Only  a  part  of  this  swamp 
has  been  lumbered.  The  area  of  the  gum  and  cypress  swamps  is 
about  30,000  acres,  lying  in  Big  swamp  and  its  tributary  marshes, 
Flowers  swamp  and  the  other  swamps  along  Lumber  river.  There 
has  been  verj'  little  lumbering  done  in  them.  There  are  no  exten- 
sive oak  flats  in  the  county  and  little  ash  or  poplar.  On  the  long- 
leaf  pine  uplands,  lying  in  the  southern  and  northern  sections  of 
the  county,  there  are  280,000,000  feet  of  merchantable  timber. 
The  pine  lying  immediately  along  the  railroads  has  been  to  a  large 
extent  removed. 

Bladen  county  has  about  12,000  acres  of  cypress  land  lying 
along  Brown  marsh,  Big  swamp.  Cape  Fear  river.  Colly  and  Turn- 
bull  creeks.  About  4,000  acres  have  been  more  or  less  thoroughly 
lumbered;  and  there  are  about  3,500  acres  of  white  cedar  swamp, 
which  have  to  a  large  extent  been  cut  over,  but  were  left  in  a  fair 
condition.  This  latter  lies  in  Big  Juniper  bay  and  various  smaller 
bays  on  the  north  side  of  the  Ca{)e  F'ear.  There  are  large  tracts 
of  untouched  oak  flats  and  gum  swamps  mostly  in  the  southern 
and  western  parts  of  the  county.  Good  ash,  except  in  the  smaller 
swamps,  is  becoming  scarce.  This  county  has  a  swamp  area  of 
about  55,000  acres.  The  loblolly  pine,  except  along  the  swamps, 
is  usually  scattering.  There  cannot  bo  less  than  10,000  acres 
occupied  by  this  pine,  only  the  finest  and  largest  trees  having  been 
removed.  The  long-leaf  pine  lands  of  Bladen  have  been  very 
badly  treated.  On  either  side  of  the  Cape  Fear  river  there  are 
extensive  tracts  of  **pine  barrens,"  on  which  this  pine  has  been 
very  largely  destroyed,  so  that  it  is  really  waste  land.     But  there 
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is  Still  about  308,000,000  feet  of  standing  long-leaf  pine,  lying 
chiefly  in  the  western  and  southern  parts  of  the  county. 

New  Hanover  county  lies  immediately  on  the  coast,  and  con- 
sists largely  of  pine  barrens.  The  long-leaf  pine  has  been  for  the 
most  part  removed  or  destroyed.  There  are  still,  however,  several 
million  feet  standing  in  different  parts  of  the  county.  In  the 
northern  part  along  the  North  East  river  there  is  some  swamp 
land  timbered  with  gums  and  some  oak.  Smith's  island,  which 
lies  at  the  southern  extremity,  is  densely  timbered  with  a  growth 
of  hardwoods,  largely  water  and  live  oaks,  interspersed  with  pal- 
mettos. 

Cumberland  county,  like  the  northern  part  of  Bladen,  lies 
largely  in  the  sand-hill  region  and  contains  considerable  areas  of 
"pine  barrens,"  from  which  the  original  long-leaf  pine  forests  ha^'e 
been  removed.  In  the  eastern  part  of  the  county  there  is  some 
white  cedar  along  the  streams  or  occupying  small  swamps,  and 
along  most  of  the  deeper  streams  there  is  cypress  There  are  no 
extensive  bodies  of  merchantable  oak  or  loblolly  pine  to  be  found. 
In  the  eastern  part  of  the  county  the  long-leaf  pine  has  been  largely 
cut  out,  but  west  of  Fayetteville  it  forms  extensive  forests,  extend- 
ing nearly  to  the  Moore  county  line;  and  there  are  probably  310,- 
000,000  feet  of  standing  long-leaf  pine  in  this  region. 

Harnett  county  is  situated  north  of  Cumberland,  and  that 
part  of  it  lying  south  of  the  Cape  Fear  river,  which  divides  the 
county  into  northern  and  southern  halves,  is  a  continuation  of  the 
rolling  sand-hill  country  with  its  pine  barrens  of  Cumberland 
county.  The  larger  part  i»f  these  pine  lands  is  in  an  exceedingly 
bad  condition,  having  been  burnt  over  until  there  are  extensive 
tracts  entirely  denuded  of  all  tree  growth.  There  is  very  little 
cypress  to  be  found  in  the  county.  North  of  the  Cape  Fear  river 
the  countr)''  merges  into  the  dark  loam  uplands  covered  with  a 
young  growth  of  oaks,  dogwood  and  loblolly  pine,  which  are 
replacing  the  long-leaf  pine.  There  is  only  about  200,()00,()0(> 
feet  of  long-leaf  pine  now  standing  in  the  county.  Harnett  county 
furnishes  some  timber  for  the  Wilmington  market,  last  year  it 
having  been  estimated  that  about  1, 000,000  feet,  board  measure, 
of  long-leaf  pine  timber  was  rafted  down  the  Cape  Fear  river. 
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Sampson  county. — The  oak  lauds  of  Sampson  lie  in  the  north- 
em  part  of  the  county  and  are  covered  with  a  growth  of  young 
white  and  post  oaks.  There  are  no  large  bodies  of  water  or  chest- 
Dut  oak  flats.  The  cypress  and  gum  swamps  lie  in  narrow  strips 
along  Black  river  and  Big  and  Little  Cohary  creeks.  The  unlum- 
bered  cypress  lands  cover  about  3,800  acres,  and  about  an  equal 
area  has  been  cut  over  to  obtain  timber  for  the  Wilmington  mar- 
ket. The  long-leaf  pine  lies  chiefly  in  the  southern  and  central 
parts  of  the  county.  The  standing  pine  amounts  to  about  330,- 
000,000  feet.  The  loblolly  pine,  largely  second  growth,  is  scat- 
tered through  all  sections  of  the  county  and  occupies  about  35,000 
acres.  This  county  has  for  many  years  furnished  a  large  part  of 
the  timber  that  is  carried  to  Wilmington. 

Richmond  county. — The  larger  portion  of  this  county  may  be 
described  as  being  typical  sand-hill  country,  the  surface  being 
undulating  and  even  hilly,  and  the  soil  sandy;  the  sand  often 
being  many  feet  deep.  In  the  extreme  western  part  there  is  along 
the  Pee  Dee  a  narrow  strip  of  alluvial  swamp,  heavily  timbered 
with  red,  overcup  and  chestnut  oaks,  red  maple  and  hickory.  In 
the  eastern  part  of  the  county  there  are  white  cedar,  gums  and 
cypress  of  inferior  quality  along  the  streams.  The  long-leaf  pine 
which  covers  the  remainder  of  the  county  has,  over  the  larger 
areas,  been  removed  when  adjacent  to  the  railroads.  Lumbering 
is.  however,  largely  carried  on  in  the  northern  part  of  the  county 
at  the  present  time,  and  extensive  bodies  of  timber  still  remain 
there  and  in  the  eastern  section.  There  remains  probably  220,000,- 
000  feet  of  standing  long-leaf  pine. 

Moore  county  lies  north  of  Richmond  and  has  in  the  southern 
part,  along  the  sand  hills,  a  similar  soil  and  topography.  This 
section,  embracing  the  southern  two-thirds  of  the  county,  is  cov- 
ered with  long-leaf  pine  and  is  the  seat  of  the  largest  long-leaf 
pine  industry  in  the  State  at  the  present  time.  In  the  middle 
portion  of  the  county,  where  the  soil  is  more  loamy,  there  is  con- 
siderable post  oak  and  small  hickories  mixed  in  with  the  pine 
along  the  hill-sides  and  yellow  poplars  and  a  few  loblolly  pines 
along  the  lowlands.  The  northern  third  of  the  county  has  a 
loamy  soil  covered  with  a  growth  of  hardwoods  mixed  with  long- 
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leaf  and  short-leaf  pines.  Although  extensive  lumbering  opera- 
tions have  been  carried  on  in  these  pineries  for  the  past  fifteen 
years,  so  that  all  timber  near  existing  lines  of  railroad  has  been 
removed,  there  are  probably  320,000,000  feet  of  long-leaf  pine  still 
standing  in  the  county.  The  long-leaf  pine  is  succeeded  in  this 
county,  as  is  the  case  in  Richmond,  by  sand  black-jack  oaks.  In 
the  very  sandy  parts  of  the  county  there  is  only  a  little  loblolly 
pine,  with  small  cypress  trees  and  some  white  cedar  scattered  along 
the  streams. 

THE  TRANSITION   REGION. 

Northampton  county  is  situated  on  the  boundary  between  the 
loblolly  pine  uplands  and  the  hardwood  hills  which  cross  the  west- 
ern third  of  the  county.  The  loblolly  is  mixed  in  places  with  scat- 
tered short-leaf  pine,  and  is,  except  along  the  swamps  and  streams, 
very  largely  a  second  growth.  It  has  never  been  lumbered.  The 
southern  and  western  boundary  of  the  county  is  the  Roanoke  river, 
and  along  its  entire  course  there  is  a  strip  of  alluvial  swamp  from 
one  to  three  miles  wide,  covered  where  there  have  been  no  clear- 
ings made  with  a  heavy  growth  of  trees  similar  to  that  along  the 
same  river  in  Bertie  county  (p.  20). 

Halifax  county. — The  eastern  half  of  Halifax  county,  like  the 
greater  part  of  Northampton,  is  a  fairly  level  region,  with  an  aver- 
age elevation  of  but  little  more  than  100  feet  above  sea-level.  The 
soil  is  generally  a  sandy  loam,  and  the  forests  of  this  region  con- 
sist mainly  of  loblolly  pine  with  the  short-leaf  pine,  post  oak,  Span- 
ish and  white  oak  interspersed.  On  the  northern  boundary  of  the 
county  along  the  Roanoke  river  lowlands,  which  are  of  less  extent 
on  this  side  of  the  river  than  on  the  nocthern  side  in  Northampton 
county,  are  at  intervals  forests  of  black  gum,  sweet  gum,  red  maple, 
elm,  red  oak,  ash,  sycamore,  hackberry,  and  other  deciduous  trees. 
Occasi6nally  one  finds  on  portions  of  these  fertile  lowlands,  the  cul-  - 
tivation  of  which  ceased  some  fifty  years  ago,  vigorous  but  scatter- 
ing black  walnut  trees  nearly  2  feet  in  diameter  and  more  than  50 
feet  high.  Beech  creek,  likewise,  with  its  larger  afiiueuts,  Marsh  and 
Beaver  Dam  creeks,  have  along  their  courses  some  ash,  cypress, 
gums  and  tupelo,  and  these  streams  are  bordered  in  places  with 
extensive  flats  of  scarlet,  chestnut,  overcup  and  willow  oaks.     The 
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western  half  of  the  county  is  quite  hilly,  as  are  also  the  western 
portions  of  Northampton  and  Nash  counties.  The  soil,  while 
sandy,  gravelly  and  pebbly  in  places,  is  in  general  much  more 
clayey  than  that  of  the  eastern  section.  The  forests  of  this  west- 
ern half  of  the  county  are  mostly  oaks,  hickories  and  other  hard- 
wood trees,  with  a  few  scattering  short-leaf  pines. 

Nash  county  has  a  soil  and  topography  much  resembling  tliose 
of  eastern  Wake,  being  a  rolling  country,  hilly  along  the  larger 
streams  and  having  a  light  loam  soil.  The  growth,  also,  is  like 
that  of  Wake,  consisting  of  scattered  long-leaf  pines,  about  20,000,- 
000  feet,  board  measure,  standing,  which  is  rapidly  being  replaced 
by  loblolly,  or  on  close  soils  by  oaks,  dogwood  and  hickories.  The 
long-leaf  pine  extends  west  to  the  clay  hills;  on  which  the 
hardwoods  of  the  uplands  are  mixed  with  short-leaved  pines.  There 
is  more  loblolly  pine  here  than  in  Wake,  both  original  growth  and 
second  growth.  There  has  been  very  little  lumbering  done  in  the 
county  except  immediately  along  the  lines  of  the  railroads. 

Montgomery  county,  lying  west  of  Moore,  has  in  the  eastern 
part,  on  a  loam  soil,  a  heavy  growth  of  hmg-leaf  pine  which  has 
never  been  lumbered.  This  growth  toward  the  middle  of  the 
county  is  mixed  with  short-leaf  pine  and  hardwoods,  and  there  the 
hardwood  uplands  begin.  This  is  the  finest  body  of  pine  for  lum- 
ber now  in  the  State,  having  been  worked  for  turpentine  for  only 
four  or  five  years.  There  are  338,000,000  feet  of  long-leaf  pine  in 
the  county  and  about  40,000,000  feet  of  short-leaf  There  are 
some  extensive  bodies  of  hardwoods  in  the  Uwharrie  mountains  in 
the  western  section. 

Chatham  county  now  has  an  inconsiderable  amount  of  long- 
leaf  pine  in  the  extreme  south-eastern  section.  Its 'place  has  been 
taken  as  it  was  removed  by  a  heterogeneous  growth  of  oaks  and 
the  short-leaf  pine.  In  the  middle  part  of  the  county  there  are 
along  the  ridges  short-leaf  pines  and  hardwoods,  while  the  low- 
lands along  the  Haw  and  the  Deep  rivers  are  timbered  in  most 
places  with  oaks,  maple  and  loblolly  pine. 

Wake  county  has  in  the  eastern  part  considerable  long-leaf  pine 
still  standing,  mixed  with  a  young  and  vigorous  growth  of  oaks 
and  dogwood.     The  soil  is  for  the  most  part  a  reddish  loam,  inter- 
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spersed  with  sandy  ridges,  on  which  the  long-leaf  pine,  where  it 
has  not  been  replaced  by  black-jacks,  is  more  abundant  than  on 
the  loam.*  There  are  30,000,000  feet  of  this  pine  standing.  East 
of  the  center  of  the  county  the  short-leaf  pine  appears,  and  from 
,  there  westward  it  is  the  commonest  old-field  pine.  There  is  a  very 
large  acreage  of  both  second  growth  short-leaf  and  loblolly  pines 
in  the  county  and  probably  60,000,000  feet  of  their  original  growth 
standing  in  the  eastern  section.  To  the  north  and  west  of  Raleigh 
the  surface  is  more  broken  and  the  oak  growth  more  abundant, 
except  along  the  gravelly  ridges,  where  there  is  short-leaf  pine.  West 
of  Wake  the  loblolly  pine  becomes  less  frequent. 

EXISTING  SUPPlrV  OF  TIMBER   IN   EASTERN   NORTH  CAROLINA. 

In  conclusion,  it  can  be  said  that  certain  kinds  of  timber,  both 
useful  and  abundant,  are  as  yet  of  little  commercial  importance 
in  most  parts  of  the  coastal  plain  region.  Such  are  water,  willow, 
overcup  and  chestnut  oaks,  sweet  and  black  gums,  soft  maple 
and  sycamore.  The  supply  of  some  other  kinds  of  timber,  such 
as  ash  and  holly,  has  been  nearly  exhausted. 

There  are  still  large  quantities  of  cypress  standing  in  some  coun- 
ties, while  in  others  the  supply  has  been  almost  exhausted.  This 
tree  is  of  very  slow  growth  and  shows  little  tendency  to  reproduce 
itself  abundantly,  the  regrowth  after  it  has  been  removed  gener- 
ally being  sweet  and  black  gums.  The  soil  of  cypress  swamps  is 
usually  one  of  the  best  of  swamp  soils  and  when  drained  is  very 
productive;  so  these  swamps  are  being  put  under  cultivation.  Con- 
siderable areas  have  already  been  reclaimed  for  agricultural  pur-* 
poses,  and  a  great  deal  more  is  to  be  thus  reclaimed  in  the  near 
future.  It  is  evident  from  this  that  in  this  State  there  will  never 
be  any  general  second  growth  of  cypress  to  take  the  place  of  that 
which  is  now  being  removed. 

White  cedar,  which  usually  occurs  with  white  bays  in  small 
swamps  or  in  clumps  in  otlier  swamps,  flourishes  only  on  a  peaty 
or  very  sandy  soil  which  is  largely  mixed  with  organic  matter. 
These  soils  are  unfit  for  agricultural  purposes  and  their  fertility  is 
easily  destroyed  by  fire  during  very  dry  seasons,  especially  where 
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the  dried  debris  resulting  from  logging  fills  the  woods.  Unless 
these  swamps  are  burnt  out  a  growth  of  the  same  species  is  most 
likely  to  replace  the  white  cedar  after  lumbering,  but  in  the  event 
of  a  fire  the  white  bay  (Magnolia  glauca  L.)  will  succeed  and 
usually  retain  possession.  Although  white  cedar  is  very  valuable, 
grows  rapidly,  and  there  is  only  a  comparatively  small  amount 
in  the  Eastern  United  States,  these  swamps  are  from  carelessness 
frequently  burnt  and  the  chance  of  a  regrowth  thus  destroyed. 

The  loblolly  pine,  now  generally  recognized  as  a  valuable  lum- 
ber tree,  is  the  dominant  pine  gver  a  large  area,  and  has  been 
removed  from  only  a  relatively  small  part  of  the  territory  it  occu- 
pied. It  is  a  tree  of  rapid  growth  which  seeds  abundantly  and 
usually  follows  itself  after  lumbering.  Oak  occasionally  replaces  it 
as  the  hardwood  uplands  are  lieared.  However,  on  account  of  the 
destruction  of  a  great  part  of  the  young  growth,  these  second 
growth  forests  are  never  as  dense  as  they  should  be.  This  produces 
less  timber  to  the  acre  and  is  the  cause  of  many  deformities,  as 
knotty,  crooked  and  short-stemmed  stocks.  The  loblolly  pine  is 
also  taking  the  place  of  the  long-leaf  pine  in  the  forest  on  moist 
soils,  and  on  drier  soils  when  the  latter  have  been  under  cultiva- 
tion. The  standing  merchantable  loblolly  pine  can  be  said  to  cover 
about  1,150,000  acres  in  the  eastern  part  of  the  State.  Allowing 
a  cut  of  4,000  feet,  board  measure,  to  the  acre,  this  will  make 
4,600,000,000  feet  of  standing  loblolly  pine.  At  the  present  rate 
of  cutting,  290,000,000  feet,  board  measure,  having  been  reported 
as  cut  during  1893,  this  would  last  fifteen  years.  The  final  amount 
cut  will,  however,  be  much  larger  than  this,  since  in  the  mean- 
while there  will  be  a  constant  increase  each  year  in  the  amount  of 
young  growth  available  for  milling  purposes  and  a  considerable 
increase  in  the  size  of  the  merchantable  pine  now  standing.  The 
entire  acreage  of  loblolly  pine  land,  including  the  lumbered  areas 
with  second  growth  on  them,  the  unlumbered  and  lands  where  it 
is  taking  the  place  of  the  long-leaf  pine,  is  considerably  over 
4,000,000  acres. 

There  are  possibly  300,000,000  feet  of  the  savanna  pine  in  poco- 
sins  and  around  the  edges  of  swamps  and  nearly  as  much  short- 
leaf  pine  situated  in  the  counties  bordering  the  oak  uplands.  Most 
of  this  will  be  lumbered  along  with  the  loblolly  pine. 
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The  total  amount  of  merchantable  long-leaf  pine  now  standing  in 
the  State  is  about  3,103,000,000  feet.  The  estimate  of  Mr.  Kid- 
der, of  Wilmington,  N.  C,  prepared  for  the  United  States  Census 
Department,  fixes  the  amount  of  timber,  standing,  on  May  31, 
1880,  in  the  counties  south  of  the  Neuse  river,  at  5,229,000,000 
feet.  This,  compared  with  the  amount  now  standing  in  the  same 
counties,  shows  a  decrease  of  2,000,000,000  feet  in  the  amount  of 
merchantable  pine  in  thirteen  and  one-half  years.  At  this  rate  of 
decrease  in  less  than  twenty  years  the  long-leaf  forests  will  be  a 
thing  of  the  past.  The  rate  of  ^decrease  is,  however,  one  of  con- 
stant acceleration,  since  the  yearly  output  of  the  mills  is  increas- 
ing and  there  is  a  much  larger  amount  of  abandoned  orchard  at 
the  mercy  of  wind  and  fire. 

At  the  end  of  twenty  years  there  may  remain  scattered  bodies 
of  this  pine  remote  from  transportation  facilities  or  too  small  to  be 
profitably  sawn,  but  there  will  be  nothing  more.  The  length  of 
time  the  long-leaf  pine  will  last  can  be  stated  with  more  certainty 
than  in  case  of  the  loblolly  pine,  because  in  the  case  of  the  former 
there  is  no  appreciable  addition  of  merchantable  timber  from 
second  growth  woods. 

The  total  amount  of  merchantable  pine  of  all  kinds  {loblolly, 
long-leaf ,  short-leaf  and  savanna)  in  these  Eastern  North  Carolina 
counties  can  be  placed  at  about  8,200,000,000  feet,  board  measure. 

The  amount  of  standing  swamp  timber  cannot  be  estimated  with 
any  degree  of  accuracy,  since  no  average  can  be  arrived  at  for  the 
cut  per  acre,  and  only  approximate  figures  can  be  gotten  for  the 
acreage.  Cypress,  for  instance,  will  cut  from  500  to  5,000  feet  to 
the  acre  as  a  general  thing,  but  numerous  reports  were  made  by 
trustworthy  lumbermen  of  cuts  running  from  15,000  to  20,000  feet 
to  the  acre.  There  is  a  very  wide  range  given  for  the  amount  of 
white  cedar  to  the  acre,  but  not  so  wide  as  that  for  cypress.  The 
water  oak  and  chestnut  oak  lands  usually  have  a  more  uniform 
growth,  and  will  cut  from  1,500  to  3,000  feet  to  the  acre.  One  of 
the  chief  difficulties  connected  with  the  handling  of  this  oak, 
where  such  has  been  attempted,  is  that  when  green  it  has  a  greater 
specific  gravity  than  water  and  cannot  be  floated  out  unless  rafted 
with  lighter  woods.  The  same  is  true  of  the  elm,  hickory  and 
much  of  the  gum. 


CHAPTER  II. 
THE   WASTE  LANDS   OF   EASTERN   NORTH  CAROLINA. 

It  is  a  very  generally  received  opinion  that  the  eastern  part  of 
North  Carolina,  especially  that  part  covered  with  the  long-leaf 
pine,  is  so  densely  wooded  that  for  very  many  years  at  least  there 
will  be  there  not  only  an  abundant  supply  of  timber,  but  of  a  tim- 
ber of  the  very  finest  quality.  The  long-leaf  pine  for  nearly  two 
hundred  years  has  fully  supplied  all  demands,  not  showing  until 
very  recently  the  least  sign  of  failing.  Durijig  the  period  between 
1860  and  1870  the  timber  of  the  **pine  barrens"  was  treated  in  a 
most  reckless  manner,  and  the  fires  which  passed  through  them 
left  traces  which  will  last  for  many  years  to  come,  burning  thou- 
sands of  acres  as  clean  as  if  they  had  been  placed  under  cultiva- 
tion. The  timber  which  suffered  most  was  that  on  the  highest 
and  driest  land,  where  the  ground  was  covered  beneath  the  trees 
with  a  thick  growth  of  wire-grass  {Aristida  stricta  Mx.)  and  such 
broom  grasses  as  grow  on  dry,  sandy  soil  {Andropogon  tener  Kunt. 
and  A.  Elliotiii  Chap.). 

The  3,100,000,000  feet  of  merchantable  long-leaf  pine  still 
standing  might  seem  to  be  sufficient  to  last  for  building  and 
fence  material  in  districts  not  readily  accessible  to  large  lum- 
bermen for  an  indefinite  time.  But  this  is  not  so.  The  fact 
that  since  1873  the  output  of  turpentine  in  this  State  has  fallen 
off  over  one-half,  which  of  itself  gives  a  very  vivid  idea  of  the 
number  and  extent  of  tlie  turpentine  orchards  that  have  been 
abandoned,  shows  that  it  is  nov^  only  a  question  of  a  few  years 
before  the  turpentine  yield  will  be  reduced  practically  to  nothing. 
This  will  mean  that  all  the  orchards  have  been  abandoned,  and  it 
will  be  only  a  short  time  after  their  being  abandoned  before  the 
destruction  of  the  timber  takes  place,  either  by  fire  or  by  its  being 
blown  down,  or  by  the  two  agencies  combined. 

The  greater  part  of  the  dry  upland  soils  of  the  pine  belt  are  of 
two  kinds :  (1)  the  sandy  loam  soils  of  the  level  piney  lands,  and 
(2)  the  sandy  soil,  of  nearly  pure  deep  sand,  characteristic  of  the 
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pine  barrens  of  the  saud-hill  regions.      These  barrens  are  dry  and 
frequently  form  large  tracts  of  rolling  or  ev.en  hilly  land. 

The  first  of  these  soils  is  not  unproductive  and  is  well  adapted 
to  agriculture;  and  as  the  original  growth  of  long-leaf  pine  is 
removed  from  it  the  loblolly  pine  and  a  small  growth  of  different 
kinds  of  oak,  mostly  the  post,  Spanish  and  black  oaks,  take  its 
place.  In  the  pine  barrens,  on  the  other  hand,  no  oaks  will  flourish 
except  two  very  small,  worthless  trees,  the  sand  black-jack  and  the 
^* barren"  willow  oak,  and  no  pine  except  the  long-kaf  pine. 
Unless  the  soil  has  been  previously  cultivated  the  loblolly  pine 
does  not  take  posession  of  these  lands,  even  when  there  are  numer- 
ous trees  of  this  species  standing  near  by  in  wet  places.  From 
this  it  follows  that  when  these  high  sandy  lands  are  being  stripped 
of  their  original  growth  of  long-leaf  pine,  if  its  young  growth  is 
not  allowed  to  develop,  no  tree  of  economic  importance  will  natu- 
rally take  its  place.  The  sand  black-jack  oak  in  twenty  years  will 
have  matured  and  begun  to  decay,  while  in  that  time  a  pine  has 
only  fairly  begun  its  life,  although  its  usefulness,  even  then,  will 
be  much  greater  than  that  of  the  more  quickly  maturing  black- 
jack. 

There  are  few  uses  to  which  the  black-jack  can  be  put.  Its 
small  size  excludes  it  from  being  employed  in  construction ;  in  con- 
tact with  the  soil  it  decays  rapidly,  and  so  is  unfit  for  fence  posts.  It 
makes  a  very  good  fire-wood  and  is  largely  used  for  this  purpose 
in  Wilmington,  Southport  and  other  towns,  and  also  in  the  coun- 
try. Its  ])ark  is  said  to  be  valuable  for  tanning,  but  although  the 
growth  of  this  tree  covers  a  very  large  area  it  is  doubtful  if  the 
yield  of  bark  per  acre  would  be  sufficient  to  make  it  of  any  commer- 
cial importance.  The  upland  willow  oak  is  even  of  less  impor- 
tance than  the  sand  black-jack.  While  the  presence  of  these  trees 
is  not  pernicious,  and  is  in  fact  much  riiore  beneficial  to  the  land 
than  would  be  a  state  of  entire  denudation  of  all  forest  growth, 
yet  their  growth  is  not  near  so  valuable  as  that  of  the  long-leaf 
pine,  and  the  advantages  arising  from  their  presence  are  greatly 
inferior  to  those  derived  from  a  forest  of  the  long-leaf  pine  of  the 
same  age.  For  this  reason  every  means  should  be  taken  to  enable 
the  long-leaf  pine  to  regain  a  firm  hold  on  all  high  sandy  land 
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which  has  now  on  it  no  growth  at  all,  or  none  of  greater  worth  than 
the  two  oaks  just  referred  to  as  growing  on  these  lands. 

SCARCITY    OP    TIMBER    IN    THE    SAND-HILL    REGIONS. 

The  exhaustion  of  the  long-leaf  pine  forests  is  not  a  concern  of 
the  distant  future  alone, — something  to  be  talked  about  and  never 
to  be  realized.  There  are  already  localities,  of  limited  area,  to  be 
sure,  where  there  has  never  been  a  lumber  mill,  and  with  not  one- 
tenth  of  the  land  under  cultivation,  where  there  is  not  now  suffi- 
cient timber  to  properly  fence  the  fields.  The  district  around 
White  Hall,  Bladen  county,  is  such  a  one,  and  this  place  is  in  the 
very  centre  of  the  long-leaf  pine  belt.  Here  good  pine  for  fencing 
has  become  so  scarce  that  a  ** stock  law"  or  *'no  fence  law"  has 
been  secured  by  which  all  live  stock  is  to  be  confined  to  the  Cape 
Fear  river  bottom,  and  that  alone,  fenced  in  across  a  bend  of  the 
river.  There  are  other  localities  in  Bladen,  Sampson  and  Cum- 
berland counties  with  about  the  same  proportion  of  land  under 
cultivation  that  find  it  hard  each  year  to  secure  rails  necessary  for 
fence  repairs,  and  obtaining  them  becomes  annually  more  difficult 
as  the  forests  from  which  the  material  is  procured  diminish  in  size. 
It  is  usually  the  case  that  some  tree  succeeds  this  pine  as  it  is 
gradually  cut  off  or  otherwise  destroyed,  and  this  tree  is  usually 
the  sand  black-jack,  and  it  forms  over  the  land  where  the  pine 
has  once  been  a  thicket  of  low,  scrubby  trees,  which  in  less  than 
twenty  j^ears  will  die  and  be  replaced  by  a  similar  growth. 

Scattered  among  these  scrubby  oaks  are  frequently  stunted, 
knotty  long-leaf  pines,  with  a  thin,  sickly  foliage  of  yellowish 
green,  which  are  permitted  to  stand  because  they  are  regarded  as 
useless.  There  are  also  large  tracts  of  land  on  many  acres  of 
which  there  are  no  pines  at  all,  and  others  where  the  black-jack 
even  has  not  succeeded  in  getting  a  foothold,  wire-grass  and  a  few 
bushes  being  the  extent  of  the  vegetation. 

THE  LARGER  TRACTS  OF  BARREN  LAND. 

Bladen  COUNTY  has  its  largest  tract  of  this  barren  land  in  the 
northern  part  of  the  county,  between  the  Cape  Fear  river  on  the 
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south  and  Black  river  on  the  uorth-east,  extending  eastward  as  far 
as  Lion  swamp  and  west  nearly  as  far  as  Parkersburg.  It  is  about 
18  miles  long  and  from  4  to  10  miles  broad,  and  has  almost  70,000 
acres  of  waste  land  in  it.  There  are  on  it,  however,  a  few  bodies 
of  pine  in  excellent  condition,  which  either  have  not  been  boxed, 
or  if  boxed  have  been  carefully  protected;  but  for  the  most  part 
it  is  covered  with  a  scanty  growth  of  sand  black-jack,  beneath 
which  there  is  a  great  deal  of  densely  tufted  wire-grass,  though  in 
places  there  are  only  lichens  and  moss  on  the  ground,  or  sometimes 
stretches  of  dazzling  white  sand.  Here  and  there  are  small  long- 
leaf  pines,  exhausted  by  the  continued  boxing. 

In  depressions  where  the  soil  is  wet  there  are  gallberry  **bays"  in 
which  are  a  few  savanna  pines,  but  there  is  no  loblolly  pine  except 
bordering  the  larger  streams.  These  streams  having  loblolly  pine 
along  their  banks  are  the  Black  and  Cape  Fear  rivers,  Colly  swamp, 
Johns  and  TurnbuU  creeks.  Colly  swamp  and  Johns  creek  have 
in  places  a  rich  deep  soil,  formed  of  a  fine  silt  largely  mixed  with 
organic  matter,  and  could  be  easily  drained.  The  drainage  of  Colly 
swamp  for  agricultural  purposes  is  now  being  undertaken  and  it  is 
probable  that  most  of  the  swamp  land  will  ultimately  be  drained, 
since  it  is  much  more  fertile  than  the  sand-barren  uplands.  This 
will  mean,  of  course,  the  removal  of  the  swamp  timber.  Although 
these  streams  have  loblolly  pine  along  their  courses,  its  seed  has 
never  produced  a  young  growth  on  any  of  the  neighboring  high 
sandy  land;  so  that  when  the  swamp  timber  is  exhausted  there  will 
in  reality  be  a  dearth  of  building  material  throughout  this  region. 
The  long-leaf  pine  timber  from  the  tract  was  largely  taken  off  to 
supply  the  mills  at  Wilmington,  though  much  of  it  has  been 
destroyed  by  fires.  Even  now  some  long-leaf  pine  timber,  of  an 
inferior  quality,  is  obtained  from  here. 

The  surface  of  the  land  is  gently  rolling;  the  soil  is  nearly  pure 
sand,  with  a  small  percentage  of  other  mineral  matter  in  it,  and  the 
subsoil,  which  is  a  light  yellow  sandy  loam,  lies  too  deep  beneath 
it  (from  8  to  15  feet  below  the  surface)  to  be  reached  by  the  roots 
of  trees.  Generally  there  is  no  humus,  the  constant  fires  burning 
off  the  leaves  and  dead  grass  soon  after  they  become  dry.  There 
are  in  Bladen  county  several  smaller  tracts  of  waste  land,  which 
lie  south  of  the  Cape  Fear  river. 
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In  Sampson  county  there  is,  perhaps,  no  single  tract  of  waste 
land  which  covers  an  area  as  large  as  10,000  acres.  But  beginning 
in  the  south-western  section  of  the  county,  near  Autryville,  and 
following  the  Black  river  down,  there  are  several  small  areas  of 
from  3,000  to  8,000  acres,  all  of  which  areas  are  in  a  bad  condition. 
These  have  been  burnt  over  and  in  many  instances  are  still  covered 
with  charred  stumps  or  encumbered  with  fallen  trees.  The  surface 
sand  here  is  not  as  deep  as  in  Bladen,  the  loam  usually  lying  about 
three  feet  below  the  surface ;  nor  is  it  as  continuous,  being  cut  across 
by  Big  swamp,  Big  and  Little  Coharie,  and  by  several  other  swamps 
and  streams.  The  population  here  is  thicker  than  on  the  southern 
side  of  the  river,  and  there  is  more  cleared  land,  but  there  is  as  yet 
no  scarcity  of  good  timber.  As  the  trees  are  here  worked  for  tur- 
pentine longer  than  elsewhere  in  the  State  there  are  less  abandoned 
orchards  and  the  forests  are  better  protected.  The  combined  area 
of  all  the  waste  tracts  in  this  county  amounts  to  about  25,000  acres. 

Cumberland  county  has  in  its  eastern  part  a  continuation  of 
the  sand-hills  of  northern  Bladen.  The  land  in  some  places  is 
more  hilly,  and  the  loam  subsoil  lies  usually  at  such  a  depth  below 
the  surface  (o  to  20  feet)  that  the  roots  of  many  trees  do  not  reach 
it.  The  waste  land  lies  mostly  east  of  Fayetteville,  all  along  Rock 
Fish  creek,  and  south  and  east  of  Manchester.  There  are,  however, 
many  bodies  of  excellent  timber  in  this  latter  section  of  the  county. 
Along  some  of  the  creeks  in  the  south-eastern  part  of  the  county 
the  land  is  almost  bare  of  all  tree  growth,  while  in  other  places, 
particularly  in  the  north-easteru  part,  there  is  a  heavy  growth  of 
sand  black-jack,  which  has  an  average  height  of  about  15  feet. 
There  are  at  least  40,000  acres  of  such  barren  land  in  Cumberland 
county.  Although  not  one-tenth  of  the  soil  is  under  cultivation 
several  reports  from  the  county  state  that  in  many  places  fencing 
material  is  becoming  scarc(\ 

Timber,  other  than  the  long-leaf  pine,  is  not  abundant  in  most 
parts  of  the  county.  The  streams  all  have  narrow  channels  and 
there  is  not  much  hardwood  or  loblolly  pine  along  them.  There 
are  several  white  cedar  "bays,*'  but  these  can  supply  no  build- 
ing material.  West  of  Fayetteville  there  is  the  same  kind  of  soil 
that  there  is  in  the  eastern  part  of  the  county,  but  there  is  much 
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more  timber  standing.  This  part  of  the  county  is  a  succession  of 
sand  ridges  and  sand  hills,  which  are  covered  with  a  fair  growth 
of  long-leaf  pine.  Nearly  or  quite  all  of  this  pine  has  been  boxed, 
and  although  a  considerable  amount  of  lumbering  has  been  done 
there  remain  large  areas  of  valuable  pine  forests. 

Harnett  county  has  in  its  southern  parts  a  large  area  of  waste 
land,  which  is  in  a  worse  condition  than  any  other  such  tracts 
observed  in  the  State.  This  is  what  is  called  the  "  Thomas  Strange 
tract,"  which  extends  from  the  Lower  Little  river  on  the  south  to 
Little  river  on  the  north,  and  eastward  15  miles  from  Swann  Station, 
on  the  C.  F.  &  Y.  V.  R.  R.  This  tract  contains  over  40,000  acres 
of  waste  land,  two-thirds  of  which  has  but  few  merchantable  pines 
on  it  and  scarcely  any  sand  black-jack.  All  of  this  except  the 
part  immediately  adjacent  to  the  railroad  was  reduced  to  its  present 
condition  by  repeated  forest  fires,  the  thick  wire-grass  forming  the 
fuel  which  carried  the  flames.  The  territory  along  the  C.  F.  &  Y. 
V.  R.  R.  has  been  lumbered  and  there  is  still  some  lumbering 
operations  going  on  along  it  where  there  are  bodies  of  timber  which 
have  been  protected  from  the  fires. 

The  topography  of  the  southern  part  of  Harnett  is  similar  to  that 
of  Cumberland,  It  is  a  typical  "sand-hill"  region,  and  its  soil  is 
sand  with  the  loam  lying  very  deep  below  the  surface.  The  streams 
umially  have  narrow  channels  and  very  little  hardwood  or  loblolly 
pine  along  them ;  but  along  Upper  Little  river  and  the  Cape  Fear 
there  are  in  places  wide  and  well-timbered  **  bottoms."  The  north- 
ern part  of  the  county  has  a  salmon-colored  gravelly  loam  soil  on 
which  loblolly  pine  and  white  oaks  are  replacing  the  long-leaf  pine. 
In  the  western  part  of  the  county  and  extending  east  from  Joues- 
boro  there  is  another  tract  which  was  burnt  over  several  years  ago 
and  much  of  the  timber  on  it  destroyed.  This  latter  area  is  not 
**  waste  land  "  now,  but  it  soon  will  be.  Harnett  county,  being  inter- 
sected by  the  Cape  Fear  river  and  two  of  its  largest  tributaries 
which  afford  transportation  facilities,  furnishes  yearly  a  considerable 
amount  of  timber  (long-leaf  pine)  for  the  Wilmington  mills. 

MooRE  COUNTY  has  60,000  acres  of  waste  land,  all  of  which  has 
been  recently  lumbered,  though  much  of  it  has  been  burnt  off  sub- 
sequently.    This  land  has  a  heavy  growth  of  young  sand  black- 
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jack  on  it,  and  in  the  localities  more  recently  lumbered  there 
remain  a  few  scattered  pines.  It  lies  in  the  eastern  and  southern 
parts  of  the^connty,  along  the  railroads.  In  places  there  are  some 
post  and  Spanish  oaks  with  the  sand  black-jack  oak,  but  there  is 
almost  no  loblolly  pine  and  no  other  material  suitable  for  building 
purposes  except  the  long-leaf  pine.  When  lumbering  has  ceased 
there  will  probably  be  over  twice  the  area  of  waste  land  there  now 
is,  since  all  the  southern  section  of  the  county  is  high  rolling  pine 
barrens,  with  a  deep  sandy  soil. 

Richmond  county  has  a  soil  in  character  similar  to  that  of  the 
southern  part  of  Moore;  but  since  lumbering  has  not  been  so 
extensively  carried  on  in  Richmond  as  in  Moore  there  are  in  the 
former  only  about  40,000  acres  of  waste  land,  all  of  which  have 
been  lumbered  except  a  few  small  tracts  which  have  been  burnt 
over.  This  waste  land  lies  along  the  C.  C.  and  R.  &  A.  R.  R*s. 
It  is  covered  with  a  thick  growth  of  sand  black-jack  oak,  and  there 
are  undersized  pines  scattered  over  a  part  of  the  area,  many  of  them 
still  being  worked  for  turpentine.  Except  the  long-leaf  pine  there 
is  very  little  timber  in  the  eastern  part  of  the  county  suitable  for 
building  material. 

Robeson  county  has  very  little  waste  land  and  very  little  deep, 
sand  except  in  the  northern  part  of  the  county.  In  that  section, 
adjacent  to  the  Cape  Fear  river,  there  are  possibly  10,000  acres 
with  little  tree  growth  except  sand  black-jack  oak.  In  the  middle 
and  southern  parts  of  the  county  the  loblolly  pine  is  taking  the 
place  of  the  long-leaf  pine. 

Brunswick  county  contains  several  thousand  acres  of  waste  and 
very  thinly  timbered  lands  along  or  near  the  sea-coast  and  the  Cape 
Fear  river.  While  these  lands  were  never  heavily  timbered  they 
are  now  rapidly  getting  into  a  deplorable  state,  which  is  a  presage 
of  the  final  destruction  of  the  long-leaf  pine. 

Columbus  county  has  about  as  much  waste  land  as  Brunswick. 
This  land  is  in  small  tracts  lying  in  the  southern  part  of  the  county 
and  the  sand  black-jack  oak  has  taken  possession  of  most  of  it. 
(jood  loblolly  pine  is,  however,  abundant  through  most  sections  of 
this  county. 

Wayne  county^  has  20,000  or  more  acres  of  waste  laud  covered 
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ouly  with  sand  black-jack  oak  and  very  scattering,  exhausted  long- 
leaf  pines.     This  land  lies  in  the  central  and  southern  parts  of  the 
county."   Good  timber  is  getting  scarce  in  many  places.     Much  of  • 
this  sandy  land  in  this  and  other  counties  has  been  highly  ferti- 
lized and  is  cultivated  in  truck  farms,  vineyards  and  fruit  orchards. 

Duplin  county  contains  several  thousand  acres,  in  the  northern 
part,  covered  only  with  the  sand  black-jack  oak,  through  which, 
occasionally,  there  occurs  a  few  scattering  long-leaf  pines.  Near 
the  railroads  ^  great  deal  of  this  sandy  land,  wiiich  has  been  highly 
fertilized,  is  used  in  this  county  for  truck  gardening, 

Onslow  and  New  Hanover  counties  have  jointly  about  25,000 
acres  of  waste  land,  some  of  which  is  entirely  defiuded  and  some 
covered  only  with  the  sand  black-jack  oak.  In  many  parts  of  New 
Hanover  county,  especially  between  Wilmington  and  Wrightsville, 
there  is  a  very  promising  regrowth  of  long-leaf  pine  appearing, 
though  the  trees  are  very  scattering  and  fires  destroy  a  great  many 
of  the  smaller  ones  every  spring.  The  growth  of  timber  in  the 
eastern  parts  of  New  Hanover  and  Onslow^  counties,  like  that  in 
the  eastern  part  of  Brunswick  county,  was  probably  never  dense. 

Besides  the  above  tracts  there  are  in  Johnston,  Pender  and  Lenoir 
counties  a  few  smaller  tracts  which  have  been  stripped  of  the  long- 
leaf  pine  and  on  which  no  valuable  regrowth  has  appeared;  and 
there  is  immediately  along  the  coasts  of  Currituck,  Dare  and  Car- 
teret counties  a  narrow  strip  of  land  which  in  many  places  is  entirely 
bare,  and  has  been  described  by  the  late  Prof.  W.  C.  Kerr  as  form- 
ing drifting  sand  dunes,  which,  along  the  coast  of  Dare  county,  "  are 
moving  under  the  impact  of  the  trade  winds  constantly  tow^ard  the 
south-west  into  the  sound."  What  effect  these  moving  dunes  may 
have  on  the  existing  channels  in  the  sounds  or  how  they  may 
modify  or  change  the  inlets  between  the  sounds  and  the  ocean  are 
questions  foreign  to  the  present  subject. 

It  is  a  well-known  fact,  however,  that  the  breaking  of  the  ocean, 
in  1763,  through  one  of  these  untimbered  sand  banks  formed  the 
New  Inlet,  16  miles  below  Wilmington,  N.  C,  and  seriously  changed 
the  channel  at  the  mouth  of  the  Cape  Fear  river,  lessened  the 
depth  of  its  water  and  caused  the  expenditure  of  a  large  amount 
of  money  before  the  damage  done  could  be  rectified  and  the  break 
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securely  filled.  It  could  not  be  learnt  whether  this  strip  of  sand 
dunes  was  ever  timbered,  though  it  is  probable  that  at  one  time  it 
was,  since  Smithes  island  and  other  parts  of  this  some  brflik  only 
a  few  miles  distant  are  now  heavily  timbered. 

THE   ORIGIN   OF   THE    WASTE    LANDS. 

From  the  preceding  it  appears  that  there  is  a  large  amount  of 
waste  land  lying  in  the  south-eastern  part  of  this  State.  There 
are  now  over  400,000  acres  of  such  land  and  the  amount  of  it, 
from  various  causes,  is  constantly  inci*easing.  This  land  consists 
of  high,  rolling  or  hilly  sand  barrens,  formerly  covered  with 
extensive  forests  of  long-leaf  pine.  These  forests  yielded  turpen- 
tine abundantly,  but  on  account  of  the  larger  amount  of  sapwood 
and  the  coarser  grain  of  the  wood  of  trees  growing  on  these  poorer 
sandy  lands  the  lumber,  though  of  good  quality,  was  of  a  grade 
inferior  to  that  from  trees  grown  on  fertile  soils.  Now,  however, 
owing  to  the  grossest  neglect,  large  portions  of  these  forests  have 
either  been  destroyed  entirely  or  reduced  to  such  a  condition  that 
there  is  neither  mill  nor  turpentine  timber  on  them,  and  no 
regrowth  of  the  long-leaf  pine  has  been  allowed  to  take  the  place 
of  the  older  trees  as  the  latter  were  being  gradually  exterminated. 
The  soils  of  the  barrens  on  account  of  their  sandiness  and  poor 
quality  will  produce  very  few  kinds  of  trees  which  have  any 
economic  importance.  No  valuable  broad-leaved  trees  (oaks,  etc.) 
thrive  on  these  lands,  and  among  the  conifers  (pines,  etc.)  the  long- 
leaf  pine  is  the  only  one  growing  naturally  on  them. 

The  short-leaf  pine,  except  where  the  loam  subsoil  lies  near  the 
surface,  is  rarely  found,  and  it  is  only  after  the  ground  has  been 
cultivated  and  enriched  and  the  moister  layers  of  earth  have  been 
brought  to  the  surface  that  the  loblolly  pine  will  grow  there.  So 
it  seems  that  the  long-leaf  pine  is  the  only  native  tree  of  much 
value  which  flourishes  on  these  barren,  sandy  lands.  There  are 
very  few  if  any  other  forests  in  the  eastern  United  States  so  i)ecu- 
liarly  limited  as  to  the  variety  of  valuable  tree  growth  as  the  long- 
leaf  pine  forests,  particularly  when  it  grows  on  the  sand  barrens; 
and  there  are  no  other  forests  which  demand  such  care  to  obtain  a 
regrowth  of  the  original  dominant  species. 
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Many  kinds  of  trees  after  having  been  lumbered  or  burnt  out 
are  succeeded  by  smaller  and  less  valued  species,  but  the  original 
growth  4n  time  again  takes  possession  of  the  land.  This  is  the 
case  with  the  spruce  forests  of  Western  North  Carolina  and  the 
white  cedar  (juniper)  in  the  eastern  section  of  the  State.  How- 
ever it  may  have  been  primarily  in  the  long-leaf  pine  forests  this 
is  not  the  result  under  the  present  management  of  these  pineries. 
After  the  removal  of  the  pine  the  land  quickly  becomes  waste  land, 
and  passes  from  a  growth  of  sand  black-jack  to  utter  barrenness. 
Nowhere  is  there  any  general  sign  of  either  the  long-leaf  or  any 
other  pine  again  forming  a  prominent  part  of  the  growth  on  these 
sand-hills. 

Unless  there  is  some  radical  change  in  their  management  these 
lands  may  even  cease  to  produce  the  few  sand  black-jack  oaks 
which  now  flourish  on  them.  There  is  even  a  possibility,  and  in 
fact  it  can  be  said  a  great  likelihood,  that  this  valuable  tree,  the 
long-leaf  pine,  will  become  extinct  in  North  Carolina  unless  some 
steps  are  taken  to  secure  its  more  general  propagation.  It  has 
already  become  extinct  over  large  tracts  lying  to  the  north  of  the 
Neuse  river  which  were  formerly  occupied  either  exclusively  by 
this  pine  or  by  mixed  forests  of  it  and  hardw^oods  and  the  loblolly 
pine. 

WHY    LONG-LEAF    PINE    FORESTS    ARE    NOT   SELF-PROPAGATING. 

The  causes  which  have  operated  to  prevent  the  long-leaf  pine 
Irom  propagating  itself  are  several,  and  all  of  them  are  important 
and  act  uniformly  throughout  this  sandy  area.  A  brief  statement 
of  some  of  the  peculiarities  of  this  tree  may  enable  us  to  see  more 
clearly  why  it  needs  more  special  protection  than  must  necessarily 
be  accorded  other  trees  to  enable  the  forests  to  reproduce  them- 
selves. The  chief  causes  which  have  influenced  and  tended  to 
retard  the  general  regrowth  of  this  tree  at  the  present  time  arise 
from  a  highly  specialized  form  of  seed  and  plant  structure  and  a 
decidedly  unique  manner  of  growth  when  compared  with  the  other 
pines  of  this  same  region.  These  characteristic  peculiarities  lie 
chiefly  in  the  young  pine  seedling,  in  the  seed,  and  in  the  struc- 
ture of  the  leaf  buds. 
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THE  SEEDING  OF  THE  LONG-LEAF  PINE. 

Although  the  writer  has  not  yet  carried  on  systematic  observa- 
tions, on  (1)  the  frequency  of  seeding  of  the  long-leaf  pine,  (2)  the 
relative  abundance  of  its  seed  as  compared  with  those  of  other 
pines,  and  (3)  the  relative  fertility  of  boxed  and  unboxed  trees  of 
the  same  species,  long  enough  to  have  obtained  accurate  results, 
yet  the  observations  of  different  persons,  thoroughly  familiar,  for 
many  years,  with  the  pines  of  the  barrens,  will,  he  thinks,  for  most 
of  these  cases,  be  found  sufficiently  accurate,  their  results  being 
supplemented  by  his  conclusions  drawn  from  a  personal  investi- 
gation extending  over  several  years.  Although  there  were  certain 
years  in  the  primeval  or  virgin  long-leaf  pine  forest,  just  as  there 
are  with  all  other  trees,  when  no  seed  were  borne,  yet  these  years 
were  rare  and  the  yield  of  seed  was  usually  abundant.  William 
Byrd,  writing  in  1728,  says*  the  mast  of  this  tree  (the  long-leaf  pine) 
is  very  much  esteemed  for  fattening  hogs,  through  all  of  Albemarle 
county  (North-eastern  North  Carolina)  on  account  of  its  greater 
abundance  and  the  greater  certainty  of  its  occurrence  (than  that  of 
the  oak.s).  The  forests  of  which  he  was  speaking  were  largely 
virgin  at  that  date.  There  are  to  be  found  frequent  statements 
mentioning  the  same  fact  by  other  historians,  of  both  an  earlier 
and  later  date. 

So  far  as  could  be  ascertained  the  masts  (as  the  seed  of  this  pine 
are  called)  have  not  been  as  abundant  for  the  past  fifty  years  as 
they  formerly  were.  There  seems  to  have  been  only  three  large 
long-leaf  pine  masts  since  1845.  One  of  these  occurred  just  about 
that  time,  the  next  one  was  in  1872  and  there  was  one  in  1892, 
which  was  not  so  large,  however,  as  either  of  the  preceding. 
There  is  a  fairly  abundant  mast  about  every  four  or  five  years,  and 
on  intermediate  years  the  production  is  small  and  localized.  In 
North  Carolina  most  of  the  trees  which  now  bear  seed  are  boxed 
and  have  been  in  this  condition  for  from  ten  to  fifty  years.  And  the 
oinnion  prevails  throughout  the  pine  barrens  that  pine  masts  are 
less  frequent  and  less  abundant  now  than  before  the  pines  were  so 
largely  boxed  and  thinned  out.     The  removal  of  a  great  portion  of 
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the  trees  may  explain,  in  part  or  wholly,  why  masts  are  less  abun- 
dant. It  would  naturally  be  inferred  that  there  would  be  a  large 
decrease  in  the  productiveness  of  boxed  trees,  whose  vitality, 
measured  by  the  rate  of  accretion  between  them  and  unboxed 
trees,  has  been  greatly  impaired  by  the  practiced  manner  of  box- 
ing. However,  from  a  tabulated  record  of  observations  carried  on 
during  several  years  there  as  yet  appears  no  marked  difference 
between  the  productiveness  of  boxed  and  unboxed  trees,  similarly 
situated. 

There  are  several  important  differences  between  the  reproduc- 
tive capacities  of  the  loblolly  and  long-leaf  pines,  all  of  them  to 
the  advantage  of  the  former.  The  fertility  of  the  long-leaf  pine 
is  much  less  than  that  of  the  loblolly  pine,  its  most  fretjuent  asso- 
ciate. The  loblolly  pine  bears  cones  at  an  earlier  age,  and  usuallj'' 
produces  more  seed,  both  perfect  and  imperfect  ones,  and  the  great 
variety  of  soil  on  which  the  loblolly  pines  grow  causes  a  slight 
difference  in  the  time  of  flowering  of  different  trees,  making  this 
pine  less  liable  to  have  the  entire  prospect  of  a  seed  yield  destroyed 
by  frosts,  or  by  heavy  rains  during  pollination.  While  this  may 
possibly  explain  why  the  loblolly  pine  has  come  up  as  a  regrowth 
over  so  much  of  the  moister  loam  land  it  has  affected  the  growth 
of  the  pine  barrens  very  little. 

The  seed  of  the  long-leaf  pine  are  very  large,  one-third  to  one- 
half  an  inch  long,  independent  of  the  wing,  while  no  other  pine  of 
this  region  has  seed  over  one-fourth  an  inch  long.  But  there  is  a 
much  smaller  proportion  of  abortive  and  otherwise  imperfect  seed 
in  a  long-leaf  pine  cone  than  in  the  cone  of  the  loblolly  pine. 
This  would  be  decidedly  to  the  advantage  of  the  long-leaf  pine  in 
seeding  old  fields,  etc.,  were  its  seed  not  too  heavy  to  be  carried  far 
by  the  wind.  They  usually  fall  within  fifty  feet  of  the  parent  tree, 
while  the  light-winged  seed  of  the  loblolly  have  been  known  to 
scatter  thickly  over  fields  from  trees  more  than  a  quarter  of  a  mile 
distant;. and  single  seed  are  reported  to  have  been  blown  several 
miles.  And  furthermore,  as  described  more  fully  beyond,  the  seed 
of  the  long-leaf  pine  are  much  more  extensively  destroyed  bj^ 
hogs,  fowls,  squirrels,  rats,  etc. 

Another  reason  for  the  exclusively  loblolly  growth  in  fields  may 
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be  that  even  when  the  seed  of  the  two  pines  fall  on  the  same  land 
the  loblolly  pine  by  its  rapid  growth  during  the  first  few  years 
ovei-shadows  and  effectually  crowds  out  the  more  slowly  growing 
long-leaf  pine,  and  the  latter  during  this  early  slow  growth  are 
easily  destroyed  by  fires  and  by  live  stock.  The  two  are,  however, 
rarely  seen  associated  together  in  second  growth  woods.  The  seed 
ripening  in  October  fall  to  the  ground  rapidly  and  if  there  is  a 
warm  moist  season  sprout  immediately.  In  the  event  of  a  long 
w^arm  rain  just  after  the  seed  are  matured  they  will  frequently 
sprout  in  the  cones  and  the  entire  yield  will  be  thus  destroyed. 

DESTRUCTION  OF  THE  YOUNG  PI.ANTS. 

The  young  long-leaf  pine  seems  to  be  especially  adapted  by  the 
form  of  its  root  system  for  growing  on  a  sandy  soil.  By  the  end 
of  its  first  year\s  growth  its  root  system,  which  has  gpown  rapidly, 
consists  of  a  large  tap-root  which  extends  6  to  10  inches  deep  in  the 
sand,  and  from  the  bottom  of  it  branches  out  the  smaller  roots 
which  draw  nourishment  from  the  soil.  It  is  this  deep-seated 
root  system  sent  thus  early  far  down  into  the  soil  which  enables 
this  pine  to  grow  on  the  sand  barrens,  and  it  is  doubtless  because 
the  roots  of  the  loblolly  are  small  and  divide  for  the  first  year  or 
'two  into  a  great  many  small  divisions,  lying  near  the  surface,  that 
it  does  not  get  sufficient  moisture  and  nourishment  from  the  dry 
surface  sand  to  enable  it  to  thrive  on  the  sand  barrens  before  this 
land  has  been  cultivated.  This  long  tap-root  of  the  long-leaf  pine 
frequently  goes  through  the  sand  into  the  loam  soil  and  secures 
for  the  tree  a  firm  anchorage  against  storms  and  enables  it  to  draw 
its  nourishment  from  a  more  fertile  soil. 

The  stem  parts  of  the  long-leaf  pine  are  as  peculiarly  adapted 
for  growing  on  a  sand  soil  as  the  root  system  is.  Instead  of  the 
stem\s  branching  or  growing  the  first  year  it  only  puts  out  a  great 
number  of  very  long  thick  leaves,  exceedingly  close  to  the  ground. 
These  leaves  soon  spread  out  and  help  to  shade  the  ground  close 
to  the  plant  and  keep  it  moist.  At  the  end  of  the  first  season's 
growth  the  single  (terminal)  bud  is  not  over  an  inch  and  a  half 
above  the  earth  and  the  bud  itself  is  nearly  an  inch  long,  so  that 
it  can  be  said  that  the  stem  of  the  seedling  does  not  grow  any  in 
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height  during  the  first  year,  all  the  energy  of  the  plant  being, 
diverted  to  increasing  the  root  and  producing  the  great  tuft  of  long 
deep  green  leaves  which  spread  out  immediately  below  the  bud  and 
make  the  plant  resemble  more  a  tuft  of  some  marvelous  kind  of 
grass  than  a  young  tree.  Some  of  the  lowest  leaves  usually  die 
during  the  first  year;  most  of  them  remain  on,  however,  for  two 
seasons. 

During  the  second  and  third  years  the  growth  of  the  stem  in 
height  is  slight,  though  it  increases  in  thickness,  but  after  that,  at 
least  in  a  forest,  its  growth  is  wonderful.  Frequently  in  a  thick 
wood  where  a  young  tree  has  been  allowed  to  grow,  in  8  or  9  years 
after  height-growth  has  begun,  it  will  have  reached  a  height  of  18 
or  20  feet  and  a  diameter  of  no  more  than  3  or  4  inches,  and  will 
have  grown  each  year  from  only  one  bud,  the  terminal  bud,  at  the 
end  of  the  woody  axis,  there  being  no  branches,  and  no  sign  of 
any  having  been  formed.  For  leaves  there  will  be  only  a  single, 
broom-like  bunch  terminating  the  slender  stem.  The  rapidity  with 
which  this  stem  is  raised  and  the  fewness  of  its  branches  until  the 
natural  height  of  the  tree  is  reached  makes  one  of  the  fine  quali- 
ties of  the  timber.  It  gives  long  stocks  which  have  no  knots  in 
them,  even  small  ones,  to  produce  any  ununiformity  of  quality,  or 
to  make  weak  places  on  the  interior  of  an  apparently  perfect  piece ' 
of  timber. 

This  feature  which  is  the  cause  of  so  fine  a  quality  of  wood  is  a 
great  drawback  to  the  development  of  the  young  trees.  This  .single 
terminal  bud  is  a  very  large  and  complicated  structure,  and  when 
once  destroyed  in  any  way  no  other  bud  is  usually  formed  by  which 
the  growth  of  the  young  seedling  can  be  continued.  It  is  true  of 
most  conifers  (i.  e.,  pines,  firs,  cypress  and  cedars)  that  they  do  not 
readily  form  buds  and  that  they  rarely  sprout  from  the  stump  and 
are  very  difficult  to  reproduce  from  cuttings,  etc.,  but  with  the  long- 
leaf  pine  such  buds  are  formed  and  sprouts  developed  even  more 
rarely  than  with  most  other  conifers. 

THE  ENEMIES  OF  THE  LONG-LE.\F  PINE. 

The  long-leaf  pine  has  a  severer  struggle  for  existence  than  any 
other  of  our  forest  trees  for  the  reason  that  in  all  stages  of  its 
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reproduction  and  growth  it  is  more  severely  and  continuously 
attacked  by  a  greater  variety  of  enemies  than  any  other.  Besides 
the  natural  drawbacks  to  its  development  from  the  peculiar  man- 
ner of  forming  several  of  its  parts,  and  the  fact  that  these  parts 
when  destroj'ed  are  not  replaced,  its  large  and  sweet  seed  are  eaten 
in  large  quantities  by  fowl  of  various  kinds,  rats,  squirrels,  and 
by  sunne,  which  prefer  them  to  all  other  kinds  of  mast  and,  when 
there  is  enough  long-leaf  pine  mast,  become  very  fat  on  it. 

As  far  as  has  been  observed,  young  long-leaf  pines  are  attacked 
by  no  injurious  beetles  or  bark-borers  or  by  any  fungi  sufficiently 
to  injure  them.  The  mature  pines,  however,  have  in  past  years 
several  times  been  attacked  by  bark  beetles  in  such  numbers  as  to 
destroy  the  pine  over  large  areas.  A  few  trees  which  have  been 
killed  from  their  attacks  can  be  seen  at  any  time  around  the  edges 
of  districts  where  lumbering  is  in  progress,  or  about  districts  which 
have  been  recently  lumbered. 

DESTRUCTIVE  WORK   BY  HOGS  AND   FIRES. 

If  the  destruction  by  swine  ceased  with  eating  mast  there  would 
still  be  sufficient  seed  left  to-  reproduce  some  parts  of  the  forests, 
as  the  mature  trees  are  gradually  thinned  out,  for  one-year-old 
seedlings  are  common  twelve  months  after  a  heavy  mast.  No 
sooner,  however,  has  the  young  pine  gotten  a  foot  high  and  its  root  an 
inch  in  diameter  than  the  hog  attacks  it,  this  time  eating  the  roots, 
which,  until  two  inches  in  diameter,  are  very  tender,  juicy,  pleas- 
antly flavored  and  free  of  resinous  matter.  In  the  loose  sandy 
soil  the  piney  woods  hog,  or  "rooter,'*  finds  little  difficulty  in  fol- 
lowing and  devouring  these  tender  roots  to  their  smallest  ends. 
Many  small  trees  are  destroyed  in  this  way.  And  cattle,  further- 
more, are  said  to  bite  off  frequently  the  tops  of  the  small  plants, 
and  with  them  the  terminal  buds,  in  the  early  spring.  This  is 
doubtless  done  while  grazing,  more  accidentally  than  otherwise. 

Fires  often  destroy  all  the  young  pines  that  escape  the  hogs. 
They  kill  the  small  pines  by  burning  the  highly  inflammable 
bracts  around  the  -bud  and  so  stop  its  growth,  or  in  high  grass  fre- 
quently burn  all  the  leaves.  Larger  trees,  even  until  they  are  3 
or  4  inches  through,  are  easily  killed  in  spring,  when  the  sap  is 
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rising  and  the  outer  layer  of  wood  is  growing  rapidly,  by  a  hot 
fire  which  will  burn  the  thin  exfoliated  layere  of  bark  all  over  the 
trunk.  The  loblolly  pine  is  less  injured  by  fire  because  its  bark 
is  thicker  and  so  offers  more  protection  to  the  growing  wood ;  the 
bark,  too,  lying  closer  to  the  wood  in  firmly  appressed  layers,  does 
not  so  easily  take  fire.     (See,  also,  the  discussion  on  page  61). 

The  chief  agencies,  then,  which  prevent  a  regrowth  of  the  long- 
leaf  pine  on  the  high  sandy  lands  are  the  hogs  and  the  fires ;  and 
the  attacks  of  the  hogs  are  directed  against  parts  which  seem  to 
have  been  developed  to  meet  requirements  of  a  plant  growing  on 
a  dry,  barren  soil  of  loose  sand.  These  peculiarly  developed  parte 
are  the  seed,  large  for  a  pine,  which  contain  abundant  nutriment 
for  the  young  plant  to  enable  the  root  to  push  itself  rapidly  into 
the  sand ;  and  the  long,  succulent  root  which  grows  for  a  consid- 
erable distance  straight  down  without  branching.  Since  the  first 
settlement  of  these  sandy  lands  the  *' ranging"  of  swine  has  been 
allowed  in  the  barrens,  and  while  there  were  enough  pines  stand- 
ing and  frequent  masts,  they  fed  a  large  number  of  hogs. 

The  practice  of  firing  the  barrens  has  been  adopted  in  many 
cases  with  a  view  to  improving  the  pasturage;  while  in  many  other 
cases,  after  the  trees  were  boxed,  the  leaves  and  trash  pulled  away 
from  around  them,  the  forests  were  burned  over  to  prevent  in  a 
dry  season  a  chance  conflagration  getting  from  under  control  and 
burning  the  faces  of  the  turpentine  boxes  and  the  timber.  That 
this  policy  of  burning  the  barrens  is  a  very  bad  one  and  calcu- 
lated to  do  far  greater  damage  than  that  immediately  apparent  has 
perhaps  been  made  evident.  The  accompanying  illustration 
(Plate  I)  shows  one  of  these  long-leaf  pine  forests,  near  Southern 
Pines,  where  a  recent  fire  destroyed  all  of  the  young  growth,  the 
turpentine  boxes  and  most  of  the  timber  trees. 

That  sooner  or  later  the  present  management,  or  lack  of  man- 
agement, which  has  characterized  all  dealings  with  the  barrens  for 
the  past  150  years  must  be  changed  if  the  long-leaf  pine  forests 
are  to  be  made  self-propagating,  no  one  who  has  ever  seen  their 
condition  or  fully  realizes  what  it  is  can  possibly  doubt.  The 
logical  result  of  these  burnings  in  the  past  has  been  the  destruction 
of  millions  of  feet  of  standing  pine  and  the  prevention  of  the  growth 
of  young  trees,  which,  had  they  started  even  fifty  years  ago  would 
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now  be  large  enough  for  small  mill  timber  and  for  turpentine; 
while  the  burnings  of  the  present  and  future,  if  not  soon  discon- 
tinued, will  mean  the  final  extinction  of  the  long-leaf  pine  in  this 
State. 

THE    ULTIMATE    UTILITY    OF    THESE    WASTE    LANDS. 

It  has  been  practically  demonstrated,  in  the  vicinity  of  South- 
ern Pines  and  elsewhere,  that,  after  having  been  richly  fertilized, 
considerable  portions  of  these  sandy  pine-barren  lands,  containing 
a  small  portion  of  loam  and  organic  matter  mixed  with  the  sand,  are 
adapted,  by  their  southern  situation  and  light,  friable  soil,  to  a  high 
stateof  productiveness  in  fruits  and  vegetables ;  and  these  branches  of 
agriculture  are  rapidly  increasing  in  North  Carolina.  They  appear 
to  be  more  especially  suited  for  vinticulture  and  gardening.  It  is 
probable,  however,  that  large  portions  of  these  waste  lands  will  not 
be  brought  into  cultivation  during  the  next  fifty  years,  nor  at  any 
time,  owing  to  the  extreme  poverty  of  the  soil.  What  then  is  to  be 
done  with  this  400,000  acres,  once  covered  with  long-leaf  pine, 
but  now  of  little  more  value  than  a  similar  area  of  a  genuine 
desert?  If  the  present  lack  of  policy  in  regard  to»their  manage- 
ment is  continued,  it  is  only  a  matter  of  a  few  years  before  the  long- 
leaf  pine  which  is  now  standing  on  the  sand-hills  will  also  have 
been  destroyed  without  giving  profitable  returns  to  its  owners  or 
leaving  behind  it  a  young  growth  of  pine  to  take  its  place.  It 
becomes  manifest  at  once  that  if  the  scattering  trees,  which  might 
serve  as  seed  trees,  are  entirely  removed  from  this  waste  land,  it 
will  not  only  be  a  very  difficult  but  a  very  costly  matter  to  secure 
a  regrowth  of  long-leaf  pine  or  any  other  valuable  building  tree, 
either  pine  or  hardwood. 

No  matter  what  is  the  ultimate  use  to  which  the  laud  may  be 
put  there  must  necessarily  be,  on  a  considerable  part  of  it,  trees 
which  grow  large  enough  to  furnish  timber  and  fuel  more  abun- 
dantly than  the  black-jack  oak  can  do.  A  pine  alone  can  supply 
such  wants  when  there  is  only  an  impoverished  soil  to  grow  on,  and 
the  long-leaf  pine  can  do  this  better  than  any  other  pine. 

No  community,  least  of  all  one  devoted  to  agriculture,  no  mat- 
ter whether  it  raises  cotton,  garden  truck  or  fruit,  can  be  inde- 
pendent while  at  the  same  time  it  is  dependent  on  some  other  sec- 
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tion  for  either  fuel  or  building  material.  This,  however,  is  what 
some  sections  of  eastern  North  Carolina  are  fast  coming  to,  and 
the  fact  is  being  recognized  by  not  a  few  of  their  most  thoughtful 
residents. 

That  the  existence  of  a  highly  developed  agriculture  is  some- 
times entirely  dependent  on  a  forest  is  shown  by  the  condition  of 
the  lands  between  Bordeaux  and  the  coast  of  France  along  the 
bay  of  Biscay.  This  district  is  the  seat  of  the  manufacture  of  the 
Bordelais  wines,  clarets  and  other  light  wines,  and  some  of  the 
finest  wines  are  made  in  vineyards  east  of  the  M6doc  from  vines 
grown  on  a  highly  sandy  soil.  A  great  part  of  this  land  is  cov- 
ered with  forests  of  pines,  which  were  set  out,  at  great  expense,  to 
prevent  the  shifting  of  these  sandy  soils.  Before  the  planting  of 
the  forests  these  lands  were  sand  dunes,  br  heather  lands  which 
formed  dunes  of  moving  sand  as  rapidly  as  the  low,  scattered  heath 
growtti  was  removed. 

In  view  of  the  facts  stated  in  the  preceding  pages  we  are  driven 
to  the  conclusion  that  the  most  practicable  plan  of  treatment  of 
these  waste  lands,  with  a  view  of  making  them  again  productive 
of  wealth  to  their  owners,  is  that  of  protecting  these  areas  against 
the  attacks  of  hogs  and  forest  fires  and  thus  permitting  them  to  be 
again  covered  with  a  new  growth  of  long-leaf  pine. 

COST   OF   SECURING   A    NEW    FOREST   GROWTH. 

The  cost  of  securing  a  regrowth  of  long-leaf  pine  on  most  of 
this  waste  land  would  now  be  very  little  in  addition  to  what  the 
land-owners  must  necessarily  pay  to  retain  their  land  which  has 
ceased  to  be  productive  or  give  any  returns.  Interest  on  the 
capital  invested  in  the  land  probably  has  to  be  paid  and  taxes 
must  be  paid  yearly.  The  additional  cost  would  be  solely  that 
arising  from  protecting  the  land  from  fire  and  from'  excluding  cat- 
tle and  swine  for  a  certain  number  of  years  after  a  mast. 

The  opposition  such  a  measure  would  produce  would  be  consid- 
erable, especially  among  a  class  of  indigent  citizens  who,  owning 
little  or  no  land  themselves,  have  always  been  accustomed  to  give 
their  cattle  free  range  over  the  lands  of  others,  to  fire  the  dead 
grass  for  bettering  the  pasturage,  and  even  to  cut  timber  for  home 
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use  Oil  these  lauds  ad  libitum.  It  is  the  opposition  of  these  people, 
who  constitute  so  large  a  part  of  the  voters,  that  has  prevented  in 
several  of  these  eastern  counties  the  adoption  of  a  general  law  for 
confining  cattle  and  stock.  As  timber  for  fencing  material  and 
other  purposes  becomes  scarcer,  the  more  intelligent  citizens  are 
coming  to  see  clearly  enough  the  imperative  need  of  such  a  change, 
both  in  our  laws  and  in  public  opinion,  as  will  suffice  to  protect 
the  young  forest  growth  from  fires  and  stock,  and  thus  to  give  the 
valuable  forest  trees  an  opportunity  to  propagate  themselves. 

NECESSARY  PROTECTION  OF  YOUNG   PINES  AGAINST  FIRES   AND   HOGS. 

Without  a  thorough  cessation  of  fires  and  an  equally  thorough 
exclusion  of  stock,  at  least  until  the  trees  are  thickly  started  and 
well  grown,  say  until  10  feet  high,  any  effort  to  produce  a  uniform 
growth  would  be  futile.  Once  that  a  new  growth  has  secured 
a  firm  foothold  and  has  formed  a  dense  covering,  the  very  thick- 
ness of  it,  by  its  exclusion  of  most  low  growth  and  grass,  will  be 
preventive  of  fires,  since  the  thin  covering  of  pine,  straw  and 
humus  will  not  carry  fire  except  in  very  dry  seasons  or  before  a 
heavy  wnnd.  The  exclusion  of  swine  is  a  measure  which  must  be 
absolutely  enforced  until  the  trees  have  reached  a  diameter  of 
3  or  4  inches.    (See,  also,  page  57). 

The  following  statements  will  show  what  an  important  part  fires 
play  in  the  destruction  of  pine  seedlings: 

In  the  fall  of  1892  there  was  a  very  full  long-leaf  pine  mast, 
and  in  the  following  spring  seedlings  could  be  seen  by  thousands. 
In  moderately  dense  long-leaf  pine  forests  in  Montgomery  county, 
where  there  was  about  one-half  as  many  of  those  pines  standing 
as  when  it  was  in  a  virgin  state,  these  pines  being  mixed  with  a 
few  post  and  black-jack  oaks  and  the  rest  of  the  land  open,  there 
were  from  15  seedlings  to  the  square  yard  in  the  open  to  35  seed- 
lings on  an  equal  area  beneath  some  of  the  trees.  A  space  which 
was  staked  off  and  noted  was  examined  again  in  the  fall  after  a 
fire  had  passed  over  it  and  then  it  did  not  average  one  seerlling  to 
the  square  yard.  The  soil  here  was  a  salmon-colored  loam  and 
the  grass  largely  broom-straw  (Andropogon  Virginicm). 

Another  tract,  which  w^as  on  the  sand-hills  of  the  western  section 
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of  Cumberland  county,  was  examined  shortly  after  it  had  been 
lumbered.  This  was  not  seen  in  the  spring,  but  w^hen  visited  in 
the  fall  showed  by  the  great  number  and  position  of  the  cones  that 
seed  must  have  fallen  abundantly  over  most  of  the  ground  which 
had  since  been  burnt  over.  It  was  hard  to  find,  however,  a  seed- 
ling which  had  escaped  the  flames. 

Another  place  examined  was  in  Bladen  county,  on  a  sandy  loam 
soil.  There  were  in  the  spring  of  1893  numerous  seedling  pines 
there.  A  later  examination  in  the  fall  showed  a  large  number 
still  growing,  but  no  fire  had  passed  over  them  and  the  roots  were 
not  yet  large  enough  for  the  hogs  to  root  up.  A  small  portion  of 
this  last  tract  has  been  fenced  off  and  the  progress  of  the  seedlings 
in  the  enclosure,  and  those  outside,  will  be  compared  and  the 
requirements  and  peculiarities  of  the  young  plants  studied  as  they 
develop. 

If  it  had  been  possible,  immediately  after  the  falling  of  this 
mast  of  1892,  to  put  the  long-leaf  pine  lands,  or  at  least  those 
parts  which  are  most  sandy,  and  have  only  a  thin  cover  of  pines, 
or  the  large  areas  recently  lumbered,  under  some  management 
which  would  have  given  protection  to  the  seed  and  later  to  the 
young  pines,  in  ten  years  with  continued  protection  there  w-ould 
have  been  over  the  larger  part  of  this  area  a  thicket  of  pines  large 
enough  to  have  been  self-protecting  in  a  great  measure,  and  in  a 
fair  way  to  become  trees  suitable  for  lumber  and  for  yielding  sup- 
pHes  of  turpenthie. 

At  the  date  of  this  writing  it  is  a  safe  statement  to  make  that 
there  have  been  already  destroyed  over  nine-tenths  of  the  pines 
whicii  sprung  up  so  abundantly  less  than  two  years  ago.  The 
time  which  will  elapse  before  another  large  mast  is  of  course 
uncertain.  Smaller  masts  should  occur,  however,  in  three  or  four 
years.  Last  year  (1893)  there  was  none.  An  examination  of  the 
pines  shows  that  there  wull  be  very  little  this  fall.  The  freeze  in 
April  of  this  year  (1894)  destroyed  the  pollen  of  the  trees  along 
the  western  part  of  the  pine  belt,  but  as  they  have  not  been  exam- 
ined further  east  it  is  uncertain  whether  it  was  destroyed  there  also. 

There  will  consequently  be  little  i>ine  mast  in  189o.  at  least  in 
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the  western  parts  of  the  long-leaf  pine  belt,  as  it  requires  two  sea- 
sons for  growth  and  maturity  after  pollination  has  taken  place. 

FOREST    MANACiEMENT    IN    THE   WASTE-LAND    RECilONS. 

Just  here,  in  connection  with  the  discussion  as  to  what  policy 
should  be  adopted  in  regard  to  the  treatraeut  of  the  pine  barrens, 
a  brief  statement  of  what  forestry  is  and  what  it  necessarily  is  not, 
will  not  be  out  of  place.  The  two  conceptions  as  to  what  forestry 
is  are  in  part  equally  erroneous.  One  of  these  is  that  forest  man- 
agement consists  in  protecting  trees  with  no  definite  end  in  view 
beyond  that  of  protection.  The  other  conception  contains  a  half 
truth.  It  is  that  forest  management  consists  in  the  production  of 
trees  and  the  systematic  management  of  timbered  lands,  but  that 
the  State  or  government's  ownership  of  such  timbered  lands  is 
essential  for  putting  this  into  practice.  This  latter  view  of  the 
matter  is  fairly  correct  except  that  ownership  or  management  by 
the  State  or  government  is  by  no  means  an  essential  feature.  In 
a  country  such  as  ours  timber  lands  must  be  managed  by  their 
owners  or  not  at  all. 

From  the  point  of  view  of  a  money-yielding  investment,  and 
this  is  the  chief  view  that  need  be  considered  in  dealing  with  most 
of  the  lauds  of  eastern  North  Carolina,  the  following  might  stand 
for  a  definition  of  forestry:  Forestry  consists  in  the  systematic 
care  of  forests  so  that  the  land  will  always  yield. valuable  forest 
trees  and  so  that  production  of  timber  may  be  carried  to  its  highest 
possible  limits.  This  growth  of  course  is  to  be  utili/^ed,  biU  in 
such  a  manner  thai  a  young  growth  of  equal  value  to  the  one  removed 
may  take  iU<  place.  Such  management  is  not  only  not  inconsistent 
with  private  ownership  of  land,  but  if  properly  carried  out  by  pri- 
vate parties  can  be  made  more  efficacious,  at  least  as  far  as  finan- 
cial results  are  concerned,  than  when  carried  on  by  a  government 
or  State. 

It  is  true  that  in  some  European  countries  much  of  the  forest  is 
owned  by  the  various  governments,  municipalities,  etc.,  but  much 
of  this  land  was  owned  by  the  respective  governments  for  many 
years  before  any  forest  management  vvas  practiced.     Their  owner- 
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ship  by  the  govemmeuts  was  not  at  all  necessary  for  the  practice 
of  forestry  in  these  countries,  and  there  is  more  forest  land  under 
systematic  management  in  Europe  owned  by  private  parties  than 
by  the  governments. 

In  some  of  the  private  forests,  as  those  of  the  Tyrol,  cuttings 
are  restricted  and  are  superintended  by  trained  government  for- 
esters, because  from  the  situation  of  the  lands  in  hilly  or  mountain- 
ous districts  the  sudden  removal  of  all  timber  from  over  a  large 
area  might  cause  the  land  to  wash,  so  that  reforestation  could  only 
be  accomplished  under  serious  difficuUies.  The  clearing  of  large 
areas  and  their  remaining  in  a  state  of  denudation  causes  in  hilly 
countries,  where  the  soil  washes  easily,  great  floods  in  the  rivers 
which  are  filled  with  detritus  washed  down  from  the  hills.  Such 
floods  endanger  the  life  and  property  along  the  streams,  while  the 
deposit  of  the  soil  washed  down  seriously  affects  arable  lands  and 
the  channels  of  the  streams.  The  control  of  such  lands  as  these 
is  not  undertaken  by  the  governments  with  a  view  of  influencing 
in  any  way  the  owners*  profit,  but  as  a  measure  to  protect  other 
citizens  whose  interests  might  be  much  affected  by  any  carelessness 
or  greed  of  a  timber  owner. 

In  Germany,  which  country  probably  leads  the  world  in  the 
thoroughness  of  its  forest  management,  there  are  about  43,000 
square  miles  of  forest.*  The  government  owns  about  13,300 
square  miles  of  it,  various  local  organizations,  towns  and  small 
principalities  o-wn  6,700  square  miles,  while  the  rest,  about  21,700 
square  miles,  belongs  to  individuals,  and  its  management  is  entirely 
free  from  all  governmental  interference,  except  so  far  as.  the  cut- 
ting of  one  person\s  timber  will  damage  lands  or  property  belong- 
ing to  another,  in  which  case  an  injunction  to  prevent  cutting  can 
be  obtained  from  the  courts. 

THE    NECESSITY    FOR    FORESTS    IN    THE    FUTURE. 

The  question  is  asked,  Will  there  be  any  use,  fifty  years  from 
now,  for  a  forest  grown  on  this  waste  land  when  so  large  a  part  of 
the  State  and  country  will  be  timbered  by  a  second  growth  of  pines 


•Paul  Pary's  Yahrbuch,  1890.    I«andwirt9chaaiiche  Statistik,  1889. 
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and  hardwoods  which  have  naturally  sprung  up?  Moreover,  it 
may  be  thought  that  in  that  length  of  time  a  large  part  of  the 
original  forest  growth  will  still  remain  uncut. 

An  examination  of  the  facts  in  the  case  will  yield  an  answer. 

Ten  years  ago  it  was  thought  that  the  supply  of  white  pine  was 

inexhaustible  in  Michigan,  which  State  then  had  far  the  largest 

bodies  of  pine,  and  in  fact  nearly  all  the  merchantable  white  pine 

in  the  United  States  except  that  in  Wisconsin,  Minnesota  and  some 

in  West  Virginia.     Bulletin  No.  o  of  the  Eleventh  U.  S.  Census 

showed  that  in  1890  Michigan  had  an  output  of  white  pine  of 

about  10,000,000,000  feet,  board  measure  (including  shingles),  and 

that  there  was  supposed  to  be  only  enough  timber  standing  to  last 

the  mills  for  five  years  longer.     Many  persons  even  then  ridiculed 

the  idea  of  the  exhaustion  of  the  white  pine.     A  few  months  ago 

the  Northwesteni  LumbermaHy  which   had  most  loudly  proclaimed 

that  the  white  pine  was  inexhaustible,  announced  that  this  season 

there  would  be  in  one  district   a   shortage  amounting  to  many 

million  feet,  and  that  the  total  shortage  in  Michigan  alone  would 

probably  amount  to  over  a  billion  feet,  board  measure.     Other  soft 

woods,  yellow  poplar,  etc.,  will  [)robably  be  sawn  to  take  its  place 

for  several  years,  and  will  come  from  Kentucky,  Tennessee,  North 

Carolina  and  other  regions  in  the  Appalachian  mountains. 

In  ten  years  from  now  the  forests  of  Michigan  will  have  been  a 
thing  of  the  past,  so  that  within  fifty  years  after  lumbering  began 
on  a  commercial  scale  the  white  pine  and  probably  the  best  hard- 
woods will  have  been  cut  out.  These  forests  of  Michigan  cut  from 
two  to  three  times  as  much  mixed  hardwood  and  pine  to  the  acre 
as  the  pine  lands  of  eastern  North  Carolina  will  now  yield,  after 
having  been  picked  over  for  two  hundred  years. 

The  forests  of  Washington  are  as  yet  in  a  nearly  virgin  condition 
and  are  probably  the  finest  in  the  world.  They  will  cut  three 
times  as  much  to  the  acre  as  the  pine  lands  of  eastern  North  Caro- 
lina, and  although  the  amount  of  standing  timber  was  estimated 
on  January  1, 1894,  to  be  near  400,000,000,000  feet,  board  measure, 
yet  such  is  the  enormous  destruction  of  timber  by  fire  and  the 
rapid  increase  in  the  milling  industry,  which  now  cuts  only  1,000,- 
000,000  feet  a  year  in  that  State,  that  those  forests  will  probably 
not  last  longer  than  fifty  years. 


66  FORESTS,    FOREST    LANDS    AXD    FOREST    PRODUCTS. 

The  forests  of  all  the  Northern  States  have  been  cut  over  and 
the  most  valuable  timber  removed.  Maine,  Vermont,  western 
Pennsylvania  and  West  Virginia  still  manufacture,  however,  large 
quantities  of  hardwoods,  but  the  supply  of  them  is  so  rapidly  being 
reduced  that  in  a  few^  years  the  annual  output  will  be  reduced  to 
the  growth  in  the  forests  during  a  year. 

The  condition  of  the  timbered  lands  is  about  the  same  in  all  the 
Southern  States.  The  pine  in  the  lower  districts  has  in  places  been 
entirely  removed,  but  in  other  places  there  is  still  much  left,  while 
the  hardwood  on  the  uplands  has  for  a  century  been  called  upon  . 
to  supply  local  needs  and  in  most  places  has  had  the  finest  timber 
culled,  except  toward  the  mountains  of  the  south-eastern  States 
where  there  are  magnificent  virgin  forests  of  hardwoods.  These 
forests  of  the  South  are  the  ones  to  which  the  lumbermen  of  the 
North  are  looking  as  the  supply  of  timber  near  the  seats  of  con- 
sumption becomes  exhausted,  and  once  that  the  tide  of  millmen 
turns  this  way  the  depletion  of  the  forests  of  this  State  and  those 
farther  south  will  be  a  matter  of  only  a  few  years. 

Bulletin  No.  5  of  the  Eleventh  U.  S.  Census  gives  the  amount 
of  yellow  pine  and  cypress  land  owned  in  nine  Southern  States 
by  establishments  located  only  in  Michigan  and  Wisconsin  to  be 
1,407,358  acres,  estimated  to  have  standing  on  them  a  total  prod- 
uct of  eleven  billion  feet,  board  measure,  of  merchantable  timber, 
valued  at  $8,723,000.  The  timber  on  this  land  is  cypress  and 
hard  pines — i.  e.,  long-leaf,  loblolly,  and  short-leaf  pines,  and  this 
large  amount  invested  shows  that  Michigan  millmen,  already 
foreseeing  the  exhaustion  of  the  northern  forests,  art*  investing  in 
those  timbers  which  are  suitable  to  t^ike  the  place  of  the  white  pine. 
EvLHi  at  the  present  rate  of  removal,  and  allowing  that  there  is  no 
decrease  in  the  business  from  the  free  entrance  into  the  United 
States  of  Canadian  lumber,  the  standing  [)ine  in  tlie  eastern  part 
of  North  Carolina  cannot  last  twenty  yeai-s,  and  may  not  last  more 
than  fifteen  years,  unless  a  wise  policy  obtains.  The  indications 
are,  however,  that  there  will  be  in  the  next  five  years  a  much 
greater  expansion  of  the  milling  industry  in  eastern  North  Caro- 
lina than   has  taken  place  during  the  past  five  years  and  a  pro- 
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portionally  greater  increase  iu  the  annual  output  of  lumber,  and 
decrease  in  the  available  supply  of  standing  timber. 

WILL    A    REGROWTH    OF    PINES   OX    THESE    WASTE    LANDS    PAY? 

Thisj^uestion  has  been  asked  ;  and  it  is  the  first  point  to  be  con- 
sidered iu  connection  with  any  attempt  to  restock  these  w^aste 
lauds  with  long-leaf  pine.  And  in  answering  this  question  w^e 
may  ask  another:  Will  it  pay  to  let  these  lands  lie  idle  and 
unproductive?  The  cost  of  securing  a  growth  of  pines  on  these 
lands  will  be  the  cost  of  keeping  off  the  hogs  and  fires,  and  this  will 
be  but  little  if  any  more  than  what  proprietors  have  to  pay  at 
present  for  the  privilege  of  holding  these  unproductive  tracts.  If 
it  pays  to  own  these  lands  unoccupied  and  unproductive,  it  will 
pay  much  better  to  own  them  if  they  are  restocked,  at  a  slight 
cost,  with  long-leaf  pines. 

One  of  the  chief  considerations  upon  which  the  final  value  of  a 
regrowth  of  long-leaf  pine  depends  is  the  securing,  in  as  short  a  time 
as  possible,  a  thick,  homogeneous  growth  of  young  trees,  and  the 
entire  prevention  of  all  fires  among  the  pines.  Nowhere  else  is  the 
truth  of  the  strength  of  unity  more  exemplified  than  in  a  forest 
growth,  especially  in  a  young  and  growing  forest,  on  an  arid  and  im- 
I>overished  soil,  where  one  of  the  necessities  is  retaining  the  moist- 
ure in  the  earth  and  preserving  the  humus  formed  by  the  decay  of 
leaves.  This  moisture  will  serve  to  supply  the  trees  wnth  water  essen- 
tial for  their  development  and  tend  to  check  or  even  preve^it  fires. 
The  damage  fires  do  to  a  forest  growth,  even  after  the  growth  is  well 
started,  is  considerable  and  has  much  infiuence  on  the  character 
of  the  timber.  By  killing  a  part  of  the  timber  they  make  the 
growth  open  and  the  stocks  short-bodied  and  filled  with  limbs 
and  resulting  knots.  The  thicker  the  growth  the  taller  and 
f^traighter  will  the  stocks  be,  and  so  much  greater  and  more  valu- 
able will  be  the  final  yield  of  timber. 

RATE  OF  GROWTH   OF  LONG-LRAF   PINES. 

After  a  large  number  of  measurements  of  young  growth  trees, 
which  have  sprung  up  in   enclosures,  or  where  protected,   it  has 
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been  ascertained  that  it  will  require  from  thirty-five  to  fifty  years 
for  such  a  growth  to  reach  sufficient  size  to  furnish  saw  logs  20  feet 
long  and  from  14  to  20  inches  in  diameter.  The  usefulness  of 
these  trees  will  have  begun,  however,  in  leas  than  half  of  that 
time,  since  their  increase  in  size  is  much  more  rapid  during  the 
earlier  years  of  growth  than  during  the  later  years.  After  twenty- 
five  years  they  will  be  large  enough  to  hold  a  turpentine  box. 
About  this  age,  too,  they  begin  to  bear  mast,  and  as  the  foliage 
becomes  more  open  the  more  tender  grasses  of  the  barrens  appear 
and  afford  pasturage.  Besides  this  there  is  a  great  quantity  of 
litter  which  yearly  accumulates  under  the  trees  and  can  be  used, 
as  such  litter  now  is,  when  it  can  be  gotten,  as  a  miilch  for  agri- 
cultural lands.  Moreover,  the  lands  themselves  will  have  gained 
a  permanent  improvement  from  the  mould  which  will  have  accu- 
mulated on  the  ground  during  the  time  that  the  trees  were 
growing. 

FUTURE  VAI.UE  OF  TURPENTINE  ORCHARDS. 

What  may  be  the  value  of  turpentine  orchards  twenty  years  hence 
is  of  course  a  speculative  question.  With  the  great  variety  of 
uses  to  which  both  rosin  and  turpentine  are  put  it  is  hardly  likely 
that  in  that  time  any  cheaper  substitute  will  be  found  for  them  in 
all  their  uses.*  The  area  of  long-leaf  pine  which  will  be  under 
orchard  at  that  date  is  also  largely  a  matter  of  conjecture.  The 
observations  of  the  writer  and  of  several  specialists  who  have 
examined  all  or  parts  of  the  territory  covered  by  the  long-leaf 
pine,  would  lead  to  the  conclusion  that,  without  some  radical 
change  in  the  manner  of  boxing,  and  the  reservation  by  timber 
owners  of  large  tracts  of  pine  for  turpentine  culture  only,  the 
orchards   of  the  United   States,    with   the  possible  exception   of 


•Uses  of  Rbsinous  Products. — In  a  report  u]x>n  the  maritime  pines  made  in  1878  by  M.  Des- 
noyers  At  the  Universal  Exposition  of  Paris  the  following  uses  are  given  for  the  different  resinous 
products  of  that  tree: 

Spirits  of  turpentine  is  used  in  the  manufacture  of  oil  colors,  varnishes  and  paints,  in  the  prepa- 
ration of  rubber,  is  employed  in  medicine  and  veterinary  arts,  and  for  cleaning  and  illuminating 
and  making  water-proof  putties  and  cements. 

Rosin  is  used  in  sizing  paper,  in  soap-making,  in  the  manufacture  of  sealing-wax,  for  soldering 
lead  and  in  tinning,  and  from  it  is  obtained  by  destructive  distillation  rosin  oil  which  is  used  in 
making  lubricants,  printing  and  lithographic  inks,  paints,  etc.,  and  painting  beer-kegs 
Crude  turpentine  scrape  and  pitch  are  also  used  in  many  of  these  manufactures. 
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those  of  Texas,  will  have  seen  their  best  days  in  less  than  twenty- 
years. 

The  Report  of  the  U.  S.  Division  of  Forestry  for  1891  describes 
the  pine  lands  of  eastern  Texas  and  western  Louisiana  as  follows:* 
la  the  center  of  the  region-  above  the  Red  river,  pine  ridges  alter- 
nate with  traete  of  oak  and  hickory.  Toward  the  Red  river  the 
forests  covering  the  undulating  pine  lands  remain  practicaUv 
unbroken  to  the  Sabine  river.  On  the  east  side  of  the  Red  river 
the  area  is  estimated  at  1,625,000  acres,  extending  northward  an 
average  distance  of  fifty-five  miles,  cutting  from  4,000  to  6,000  feet 
to  the  acre,  with  no  change  in  character  to  Trinity  river  in  Texas. 
In  that  State  the  forests  of  long-leaf  pine  cover  about  5,000  square 
miles,  merging  toward  the  north  into  the  region  of  short-leaf, 
toward  the  south  into  vast  forests  of  loblolly  pine.  The  fact  that 
but  little  tapping  for  turpentine  has  been  practiced  in  this  region 
may  be  of  importance  from  a  market  point  of  view. 

Forests  suitable  for  the  manufacture  of  turpentine,  being  sub- 
ject to  a  triple  destruction,  will  probably  give  out  some  time  before 
those  suitable  for  lumber  will.  Turpentine  orchards  of  long-leaf 
pine  are  destroyed  by  being  lumbered,  by  natural  exhaustion  from 
continued  tapping  and  by  fires ;  and  their  trunks  being  weakened 
by  boxes  the  trees  are  more  liable  to  blow  over  by  the  winds. 
They  are  renewed  only  to  an  inconsiderable  extent  by  regrowth. 
The  rate  of  destruction  by  each  of  these  agencies  has  been  yearly 
increasing,  and  has  not  yet  reached  its  maximum  limit. 

FUTURE  VAI^UE  OF  I,ONG-LEAF  PINE  FORESTS. 

The  future  value  of  a  forest  of  long-leaf  pine  as  a  source  of  lum- 
ber is  based  on  these  facts.  Long-leaf  pine  wood,  even  after  it  has 
been  tapped  for  turpentine,  which  has  no  effect  on  any  of  the  heart 
wood  except  to  a  slight  extent  those  parts  immediately  in  contact 
with  the  faces  of  the  boxes,  is  much  stronger  than  any  other  of  our 
pines;  and  it  is  especially  durable  in  contact  with  the  soil  or  when 
exposed  to  alternating  conditions  of  being  wet  or  dry.  As  these 
qualities  of  the  timber  become  recognized  they  will  much  increase 


*An]iual  Report  Secretary  of  Agriculture,  1891,  p.  216. 
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the  value  and  use  of  the  wood  for  purposes  where  such  qualities  are 
requisite.  The  rapid  thinning  of  the  woodlands  of  the  eastern 
United  States  will  cause  an  increase  each  vear  in  the  value  of  all 
timber  near  centere  of  consumption  ;  and  there  is  a  constant  increase 
in  the  value  of  stumpage  as  the  utilization  of  the  forests  proceeds. 
When  once  the  mass  of  standing  woody  material,  the  uninterrupted 
accumulations  of  centuries,  is  destroyed,  the  entire  country  will 
each  year  be  dependent  for  wood  on  what  may  be  called  the  annual 
increase  in  the  forests. 

The  lands  of  the  greater  part  of  the  northeastern  States  are 
already  in  this  condition,  and  those  of  the  southern  Stiites,  with 
the  exception  of  the  hardwood  forests  of  the  Appalachian  mount- 
ains, are  fast  being  reduced  to  a  similar  condition.  This  second 
growth  forest  is  producing  very  largely  nonvaluable  woods,  having 
been  produced  by  the  seed  of  inferior  species  left  in  lumbering  as 
worthless,  and  only  such  of  these  survive  as  can  naturally  with- 
stand the  repeated  burnings  to  which  the  woodlands  are  subjected. 
Moreover,  most  of  this  second  growth  is  very  open  and  thin,  caused 
by  fires  and  other  agencies,  and  the  trees  from  the  same  causes  are 
often  defective.  A  large  part  of  the  land  which  should  be  timber 
land  is  unproductive  waste  land,  with  absolutely  no  arborescent 
growth,  and  the  continued  violation  of  all  natural  laws  concerning 
plant-life  prevents  the  development  of  such  a  growth.  The 
demand  for  w^ood  is  yearly  increasing  and  each  year  the  power  of 
the  woodlands  to  supply  it  is  diminishing. 

An  abundant  supply  of  wood  and  timber  must  be  an  impor- 
tant factor  in  the  future  development  of  eastern,  and  particularly 
south-eastern  North  Carolina,  whether  that  development  be  an 
agricultural  or  manufacturing  advancement;  but  unless  there  is  a 
more  strict  observance  of  the  fundamental  laws  of  all  plant-life, 
particularly  in  respect  to  the  long-leaf  pine  on  the  high  sandy 
land,  preventing  the  destruction  of  the  seed  and  young  pines,  this 
section  wmII  be  in  great  want  of  timber  at  the  time  when  it  wmII 
need  its  timber  most. 

AREA  OF  waste  LAND  INCREASING. 

In  conclusion,  it  can  be  said  that  there  are  now  400,000  acres  of 
waste  sandy  land  in  Eastern  North  Carolina,  and  that  this  area  is 
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constantly  increasing.  This  land  is  covered  only  with  a  low, 
scrubby  growth  of  sand  black-jack  oaks  and  in  places  has  mixed 
with  these  oaks  scattered  long-leaf  pines,  unfit  for  lumber  and 
exhausted  of  turpentine  by  the  continued  tapping.  Malpractice, 
especially  the  custom  of  firing  the  barrens  and  allowing  stock  full 
range  on  them,  has  never  given  the  long-leaf  pine  an  opportunity 
to  reproduce  itself  except  over  very  limited  areas,  and  where  pro- 
tected. From  this  cause  this  pine,  which  will  always  have  the 
highest  value,  both  for  its  timber  and  the  abundant  resin  which  it 
contains,  is  in  danger  of  becoming  extinct  in  North  Carolina,  and 
indeed  in  all  the  States  where  it  now  grows,  at  least  as  far  as  its 
commercial  importance  is  concerned. 

IMPORTANCE  OF  EARLY  ACTION. 

If  the  long-leaf  pine  which  is  still  standing  is  allowed  to  seed 
these  lands,  and  the  seed  and  young  pines  protected  from  destruc- 
tion, a  regrowth  can  be  obtained  with  comparative  ease,  but  if  the 
long-leaf  pines  now  standing  are  once  destroyed,  the  securing  on 
these  waste  lands  of  a  growth  of  trees  which  will  be  of  economic 
imj)ortance  will  be  both  a  difficult  and  costly  undertaking,  since 
this  pine  is  the  only  tree  of  value  in  the  arts  which  naturally 
grows  on  these  barren  lands.  It  will  cost  very  little  more  to  secure 
a  regrowth  than  it  does  to  retain  the  lands  in  their  present  impover- 
i.shed  and  unproductive  state,  since  taxes  and  frequently  the  inter- 
e!>t  on  the  original  investment  tnust  be  paid. 

The  adoption  of  some  general  law  for  these  districts,  requiring 
stock,  especially  swine,  to  be  confined,  would  be  of  great  help  in 
securing  a  regrowth,  but  it  would  be  imperative,  at  the  same  time, 
to  prevent  any  fire  from  passing  through  the  barrens,  since  one 
fire  can  kill  in  a  few  hours  a  growth  of  pines  several  years  old. 
The  final  value  of  the  growth  would  depend,  too,  on  fires  being  kept 
out  even  when  most  of  the  trees  were  large  enough  to  be  unin- 
jured by  burning.  By  the  time  such  a  growth  reached  maturity 
or  became  large  enough  to  furnish  timber,  all  the  original  forests 
will  have  been  cut  over  and  the  usually  thin  and  scattering 
regrowth  will  be  called  upon  to  furnish  not  only  most  of  the  fuel, 
but  all  lumber  and  timber  required  in  building  and  manufacturing. 
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So  great  is  the  annihilation  of  the  primitive  forests  and  so  rap- 
idly does  the  demand  for  lumber  increase  from  year  to  year  that  it 
is  doubtful  if  the  entire  forests  of  the  Southern  States  can  last 
longer  than  two  or  three  decades.  The  same  is  true  of  the  pine 
forests  which  can  be  used  for  turpentine  production.  The  ruin  of 
these  forests  will  cause  a  marked  rise  in  the  value  of  all  forest 
products,  so  that  a  certain  and  a  higher-priced  market  can  be 
assured  for  all  future  forest  material. 


CHAPTER  III. 
THE  NAVAL  STORE   INDUSTRY  IN   NORTH  (CAROLINA. 

HISTORICAL    SKETCH. 

In  Colonial  Times. — As  early  as  1700  the  production  of  naval 
stores  was  an  industry  of  some  importance  in  the  Colony  of  Caro- 
lina. At  the  same  time  the  industry  was  carried  on  in  the  adja- 
cent parts  of  Virginia.  In  Virginia  the  products  were  largely 
derived  from  the  loblolly  pine,  while  in  North  Carolina  they  came 
chiefly  from  the  long-leaf  pine.  The  products  exported  from  the 
colony  at  that  date  were  tar  and  pitch  and  some  crude  turpentine; 
but  the  quantity  of  the  latter  shipped  was  small.  Tar  kilns  were 
made  then  as  now  and  the  process  of  burning  was  the  same. 
Indeed,  the  process  is  very  much  the  same  as  that  described  by 
Theophrastus  as  being  used  by  the  ancient  Greeks. 

The  tar  manufactured  in  the  Southern  States  was  more  com- 
monly converted  into  pitch  before  being  shipped,  by  the  addition  of 
some  crude  turpentine  and  the  mixture  then  being  boiled  down  to 
the  right  consistency.  From  north-eastern  North  ('arolina  it  was 
shipped  by  way  of  Norfolk,  Va.,  to  England,  the  laws  of  England 
at  that  date  forbidding  colonial  products  from  being  shipped  to 
other  than  English  ports.  Until  about  1800  the  making  of  tar 
was  not  as  largely  confined  to  North  Carolina  as  it  is  at  present, 
nor  even  to  the  Southern  States,  Besides  being  burnt  in  Virginia 
from  the  loblolly  and  short-leaf  pines,  some  was  made  in  New  York 
and  other  Northern  States  from  the  pitch  pine  {Pinm  rigida),  but 
more  for  home  use  than  for  export.  (Jeorgia  and  South  Carolina 
also  produced  considerable  amounts  in  colonial  days.  The  method 
of  cutting  the  boxes  for  collecting  the  crude  turpentine  was  then 
the  same  as  now.  The  names  of  some  of  the  parts  connected  with 
the  process  have  slightly  changed  in  the  meantime.  Cornering  was 
then  called  notching  and  the  virgin  dip  was  called  pure  dippings. 
These  names  continued  in  general  use  until  the  early  part  of  the 
present  century. 
5 
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Both  the  tar  and  the  crude  turpentine  produced  in  the  north- 
eastern part  of  this  State  were  marketed,  in  the  early  days,  usually 
in  exchange  for  goods,  at  Nansemond  or  Norfolk,  Va.,  and  there 
found  ready  sale.  Before  the  beginning  of  the  present  century 
both  commodities  had  practically  ceased  to  be  produced  around  . 
Albemarle  sound.  The  seat  of  the  industry  slowly  moved  west- 
ward from  thence  up  the  Roanoke  and  Tar  rivers  and  southward, 
as  the  settlerpents  extended,  to  Washington  and  Newbern,  both 
points  shipping  large  quantities  of  naval  stores  to  New  York  and 
Philadelphia,  where  it  was  reshipped  to  England,  and  there  the 
crude  turpentine  was  distilled.  The  largest  special  use  for  the 
crude  turpentine  in  the  United  States  then  was  for  mixing  with 
fats,  etc.,  in  making  yellow  soap. 

Later  Developments. — Before  1800  Wilmington  became  one 
of  the  largest  shipping  points.for  both  crude  turpentine  and  tar. 
In  1804  the  exportation  of  crude  turpentine  from  Wilmington 
amounted  to  77,000  barrels,  and  the  total  amount  of  naval  stores 
shipped  exceeded  that  from  all  other  ports  of  the  United  States. 
The  crude  turpentine  was  brought  down  the  rivers  on  rafts  and 
small  boats  from  as  high  as  Edgecombe  county  to  Washington, 
from  Wayne  county  to  Newbern,  and  from  all  the  northern  tribu- 
taries of  the  Cape  Fear  river  to  Wilmington,  and  was  distilled  in 
crude  iron  stills  partly  at  the  shipping  points,  partly  in  Philadel- 
phia and  New  York,  and  much  also  went  to  England  to  be  there 
distilled.  The  spirits  of  turpentine  usually  found  quick  sales  and 
good  prices  excep)t  when  overproduction  took  place,  and  w^as  pre- 
ferred in  France  even  to  the  Bordeaux  turpentine,  which  was  n:iade 
in  the  department  of  the  Landes  in  Gascony,  being  less  odorous 
and  more  uniform  in  quality  than  that.  The  rosin  manufactured 
was  worth  very  little,  getting  down  as  low  as  25  cents  a  barrel  and 
then  so  low  it  would  not  pay  to  handle  it.  The  tar  and  pitch 
manufactured  at  first  gave  general  satisfaction  and  were  made  in 
large  quantities.  In  1770  there  were  nearly  100,000  barrels  of 
tar  and  pitch  shipped  from  the  United  States,  about  one-fifth  of 
this  amount  being  pitch  shipped  from  North  Carolina. 

In  1799  the  tar  used  in  England  came  in  equal  proportions  from 
Russia,  Sweden  and  the  United  States.      Later  the  Carolina  tar 
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and  pitch  were  less  esteemed  in  England,  where  they  were  said  to 
barn  the  cordage  more  than  the  products  made  in  the  Baltic 
provinces.  This  was  said  to  be  due  to  dead  wood  being  used  in 
North  Carolina  for  making  tar  and  the  burning  being  carried  on 
so  rapidly  and  at  so  high  a  temperature  that  wood  acids  w^ere 
formed  in  large  quantities  along  with  the  tar.  American  products 
were  also  objected  to  because  they  were  earthy,  the  receptacle  being 
carelessly  made,  and  were  pa(;ked  in  insecure,  leaky  barrels.  These 
last  objections  are  sometimes  made  against  them  now,  though  the 
use  of  cases  for  shipping  has  tended  to  remedy  the  evil. 

In  Bothnia  and  Sweden,  on  the  other  hand,  only  living  wood 
of  the  fir  and  usually  from  the  lower  part  of  the  trunk  and  roots 
were  used  and  burning  was  carried  on  more  slowly.  In  1831 
there  w^ere  imported  into  England  10,900  lasts -of  tar,  of  14  barrels 
each.  Of  these  8,700  came  from  Russian  provinces  on  the  gulf 
of  Bothnia,  1,200  from  Sweden  and  only  1,000  from  the  United 
♦States.  The  amount  imported  from  the  United  States  has  remained 
at  very  near  these  figures  ever  since. 

The  total  value  of  the  resinoiis  products  shipped  from  the  United 
States,  however,  increased  from  about  $200,000  in  1800  to  $567,000 
in  1834,  and  to  $700,000  in  1838.  Most  of  the  products  shipped  up 
to  this  time  were  from  North  Carolina,  as  previous  to  1838  trees 
were  not  tapped  for  turpentine  south  of  the  Cape  Fear  river,  it 
being  a  generally  held  opinion  that  south  of  that  river  the  pines 
would  not  yield.  This  error  was  soon  discovered  by  experiment- 
ing with  the  trees  in  that  section  and  orchards  there  soon  became 
as  valuable  as  those  farther  north. 

In  1836  copper  distilleries  were  introduced  in  this  country  and 
at  the  same  time  there  w^as  an  increased  demand  for  spirits  turpen- 
tine as  a  solvent  of  India  rubber,  this  being  the  cheapest  solvent 
of  that  article  obtainable,  and  was  thus  used  in  the  manufacture 
of  rubber  goods.'  It  was  also  used  for  illuminating  purposes, 
though  the  different  forms  of  petroleum  oils  and  the  general  use 
in  towns  of  illuminating  gas,  made  from  coal,  soon  supplanted  it. 
Stimulated  by  this  increased  demand  the  production  of  turpen- 
tine extended  rapidly  southward  beyond  the  Cape  Fear  river  into 
South  Carolina,  and  up  the  Cape  Fear  to  Cumberland  and  Har- 
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nett  counties.  The  British  free-trade'  measure  in  1846  gave  free 
entrance  into  English  ports  to  the  products  manufactured  from 
turpentine  and  this  stimulated  the  manufacture  of  these  products 
in  North  Carolina.  From  this  date  forward  the  exports  of  crude 
turpentine  decreased  as  the  exports  of  spirits  turpentine,  rosin, 
tar,  etc.,  increased. 

It  was  found  more  economical  to  move  the  stills  as  close  to  the 
seat  of  production  as  possible,  so  that  when  rosin  was  low  in  value 
the  spirits  of  turpentine  only  need  be  shipped.  This  allowed 
work  to  be  done  farther  from  the  water-courses,  near  to  w^hich  the 
industry  had  been  previously  confined.  By  1855  about  one-half 
of  the  spirits  of  turpentine  shipped  from  Wilmington  was  dis- 
tilled inland.  The  shipments  from  Washington  and  Newbern  had 
already  begun  to  decline,  the  building  of  the  Wilmington  and 
Weldon  Railroad  having  largely  turned  their  trade  toward  Peters- 
burg and  Wilmington. 

By  1860  the  orchards  from  which  Washington  drew^  its  supply 
approached  exhaustion  and  production  soon  ceased.  Newbern 
being  farther  south,  the  industry  continued  there  for  several  years 
longer,  but  after  1870  the  decline  in  production  became  rapid  and 
practically  ceased  during  the  past  decade.  There  is  now  no  dis- 
tillery in  full  operation  withiu  thirty  miles  of  Newbern.  North  of 
the  Neuse  river  there  were  in  1893  only  eight  distilleries  in  operation, 
with  an  output  for  that  year  of  less  than  7,000  barrels  of  rosin. 
Three  of  these  distilleries  were  in  Johnston,  two  in  Nash,  two  in 
Wilson  and  one  in  Wayne  county. 

South-westward  Extension  of  the  Industry. — After  1835 
the  seat  of  the  production  of  turpentine  began  to  move  south- 
westward  through  the  Southern  States.  In  1840  the  value  of  the 
total  product  amounted  to  $593,451,  nearly  the  entire  amount 
being  produced  in  North  Carolina;  and  in  1860,  w4iile  the  value 
of  the  total  product  in  the  United  States  was  $7,454,000,  that 
of  North  Carolina  was  $5,355,778.  In  1870  North  Carolina, 
with  147  establishments,  manufactured  naval  store  products  valued 
at  only  $2,338,000,  while  the  total  product  of  the  United  States, 
with  227  establishments,  amounted  in  value  to  $3,585,000.  In 
1893  Georgia  made  about  the  same  amount  of  turpentine  and  rosin 
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that  North  Carolina  did,  while  Florida,  Alabama,  Mississippi  and 
Louisiana  altogether  made  about  as  much  more. 

The  industry  has  only  become  of  importance  in  Mississippi  and 
Louisiana  during  the  past  few  years,  and  is  still  capable  of  great 
expansion  in  these  States.  The  turpentine  orchards  of  Georgia 
are  in  about  the  same  condition  as  those  in  this  State,  although 
there  is  probably  in  Georgia  more  round  timber  standing.  The 
same  may  be  said  concerning  the  forests  in  Alabama.  There  are 
in  Texas,  however,  between  3,000,000  and  4,000,000  acres  of 
untapped  long-leaf  pine  forests  and  the  turpentine  industry  there 
has  hardly  more  than  made  a  beginning. 

Inland  Extension  in  North  Carolina. — The  first  turpentine 
distillery  at  Fayetteville  was  established  in  1844  by  Thomas  Lutter- 
low.  The  same  year  the  first  boxes  were  cut  in  what  is  now  Harnett 
county,  near  Manchester,  by  Henry  Harrison,  who  shipped  the 
turpentine  from  there  to  Fayetteville  to  be  manufactured.  Ten 
years  later  there  was  a  distillery  owned  by  Jonathan  Worth  &  Son 
iu  operation  in  the  extreme  western  part  of  Harnett  county  near 
Buffaloe  Springs. 

The  building  in  1850  of  a  plank  road  from  High  Point  to  Fay- 
etteville, which  road  was  followed  in  a  few  years  by  a  similar  one 
from  Fayetteville  through  the  western  section  of  Cumberland 
county  and  another  which  was  projected  to  Raleigh  through  Har- 
nett and  Wake  counties,  but  only  partially  finished,  caused  Fay- 
etteville to  become  the  seat  of  a  large  business  both  in  handling 
turj>entiue  and  rosin  and  in  distilling  the  crude  turpentine.  The 
satisfactory  prices  obtained,  and  the  facilitj*^  with  which  the  pro- 
duce could  bo  gotten  to  Fayetteville  on  the  plank  roads  for  ship- 
ment down  the  Cape  Fear  river  to  Wilmington,  led  to  the  indus- 
try's extending  before  the  outbreak  of  the  civil  war,  even  to  the 
very  western  limits  of  the  pine  belt  in  Chatham,  Wake  and  Moore 
counties. 

The  completion,  subsequently,  of  railroads  across  the  western  part 
of  the  long-leaf  pine  belt  caused  a  great  deal  of  the  rosin  and 
spirits,  manufactured  along  their  lines,  to  be  shipped  direct  to 
Northern 'and  other  inland  consumers,  without  going  f^ia  Wilming- 
ton.    In  1893  over  5,000  barrels  of  rosin  went  direct  west  by  way 
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of  Paint  Rock)  and  over  one-half  as  much  went'  direct  north  or  to 
Norfolk  by  rail,  as  was  shipped  by  way  of  Wilmington.  Although 
the  output  of  rosin  and  spirits  of  turpentine  has  more  than  doubled 
in  the  United  States  since  1860,  the  demand  has  increased  nearly 
as  rapidly  until  within  the  last  few  years,  when  there  has  been  over- 
production and  consequently  low  prices. 

VAI.UE  OF  THE  NAVAI,  STORE  PRODUCTS  OF  THE  UNITED  STATES. 

From  the  Eleventh  Census  the  total  value  of  the  naval  stores 
manufactured  in  the  Unitecf  States  for  the  year  ending  May  31, 
1890,  was  $8,077,379.  The  product  that  year  consisted  of  346,524 
barrels  of  spirits  of  turpentine,  1,429,154  barrels  of  rosin,  and 
about  40,000  barrels  of  tar,  pitch  and  miscellaneous  products. 
The  turpentine  products  given  above  represent  the  entire  amount 
produced  in  the  world  for  commercial  purposes  with  the  exception 
of  that  made  in  southern  France  and  Austria,  which  altogether 
did  not  amount  to  25,000,000  pounds  (about  100,000  barrels). 

AMOUNT  OF  CAPITAL  AND  LABOR   EMPLOYED. 

The  cost  of  the  crude  material  used  to  produce  the  output  of 
naval  store  products  in  the  United  States  in  1890  was  $2,506,440, 
and  the  capital  directly  invested  in  the  manufacture  of  naval  stores 
in  the  United  States  was  reported  by  the  Eleventh  Census  to  be 
$1,117,265,  and  in  North  Carolina  $269,341.  This  capital,  repre- 
senting  670  establishments,  employed  15,313  laborers  in  the  United 
States  and  1,747  laborers,  on  an  average,  in  North  Carolina,  where 
there  were  reported  to  be  194  establishments. 

The  relatively  small  number  of  laborers  given  as  employed  in 
this  State  is  due  to  the  fact  that  the  greater  part  of  the  turpentine 
is  collected  by  farmers  (or  their  **  hands  ^')  who  have  a  small  area 
of  turpentine  orchard  and  utilize  their  time  at  dull  seasons  in  this 
way;  and  many  of  these  are  not  included  in  the  above  estimate. 
But  some  of  the  turpentine  collected  in  other  States  is  also  gotten 
in  the  same  manner. 

CONDITION   OF    THE     NAVAL     STORE    INDUSTRY    IN    NORTH    CAROLINA. 

During  the  latter  part  of  1893  the  Geological  Survey  made  an 
examination  into  the  condition  of  the  naval  store  industry  in  North 
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Carolina,  and  particularly  into  the  condition  of  the  turpentine 
orchards  and  the  prospects  of  this  industry  in  the  State.  The 
statistics  for  1893  relating  to  this  industry,  which  are  given  below, 
have  been  secured  by  correspondence  with  naval  store  dealers  and 
distillers  in  all  parts  of  the  long-leaf  pine  region  and  by  personal 
visits  to  manj^  sections.  The  figures  used  in  comparisons  have 
been  derived  from  the  latest  U.  S.  Census  reports,  unless  credited  to 
other  sources. 

SPIRITS  TURPENTINE  AND  RO&IN   STATISTICS. 

The  accompanying  table  shows  for  the  year  ending  December 
31,  1893,  the  number  of  turpentine  distilleries  in  operation  during 
the  year,  and  the  amounts  of  rosin  and  turpentine  manufactured 
in  each  county,  together  with  the  amounts  shipped  from  each 
county  to  Wilmington,  N.  C,  and  the  amounts  shipped  direct  by 
rail  routes  to  consumers  and  dealers  elsewhere. 


Yield  of  Rosin  and  Spirits  Turjientine  in  Xorth  Carolinn^  1893. 


si 


RoHiN  Manufacturbd. 


County. 


laj  J 


>r;     I       ton. 


Bladen 27  '  39,800 

Brunswick ,    8  12,000 

Columbus '  26  37,200 

Cumberland I  24  ,  21,000 

Duplin 1    5  '  7,800 

Harnett |    9  ,  3,700 

Johnston |  10  i     

Montgomery j  12  i     

Moore ". i  34 

12 
8 

13 


Onslow.. 

Pender 

Richmond. 

Robeson  |  28 

Sampson |  30 

Wavne 3       

♦Other  counties..'     7  \       4,000 


3,125 
12,600 
10,400 

7,170 
30.200 
41,000 


where. 


Total 


Spirits  op  Turpentine 

MANUFAtTCRED. 


Casks    I    Casks     Total 


,    Barrels    |    Barrels  

ffl  fe  shipped  to  shipped bv  „„^i™  ^r  I  shipped  ship'd  by  Num- 
gS  Wftming-'  rail  else-"  '''i??!^,': ''^  I  to  VVil-  i  rail  else- 1  her  of 

,      .._        .    ...!.__.        oarreis.     i^ington.!   where,    casks. 


Totels 256  '   229,995 


3,600 


15,000 

'9,6.5*6 
16,7(H 
22,000 
38,207 
2,700 

"6,617 
9,910 
3,000 
3,970 
7.768 


barrels. 

43,400 
12,000 
37,200 
36,000 

7,800 
12,750 
l(i,7(54 
22,000 
41,332 
15,300 
10,400 
13,187 
40,110 
44,0(K) 

3,970 
ll,7(i8 


2,800 
7,7r>0 
3,200 
1,060 
400 


200 
2,700 
2,0(X) 
1,800 
4,712 
7,920 

"solo 


090 


3,961 

2^335 
2,6:^2 
5,150 
8,6.37 
450 

^08.3 
3,233 
2,121 
517 
1,517 


8,490 
2,800 
7,750 
7,161 
1,060 
2,7:^5 
2,61^2 
5,1.50 
8,837 
3,150 
2,060 
2,883 
7,945 
10,041 
517 
2,317 


137,986     I    367,981     \\   42,902     I    32,626      75,528 


•This  includes  four  counties:  Nash  with  2  distilleries,  Wilson  with  a.  Lenoir  with  2  and  New 
Hanover  with  i.  The  amounts  included  in  this  statement  for  New  Hanover  county  are  estimates 
obtained  by  adding  the  average  yearly  output  of  one  distillery. 
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The  Dumber  of  counties  which  produced  crude  turpentine  during 
the  j^ear  (189*5)  was  19.  Tlie  amounts  produced  in  New  Hanover, 
Nash  and  Wilson  were  very  small,  New  Hanover  producing  prac- 
tically none.  The  greater  part  of  the  crude  turpentine  which  was 
manufactured  in  that  county  was  brought  from  South  Carolina, 
and  from  inland  counties  along  the  Cape  Fear  and  Northeast  Cape 
Fear  rivers. 

The  total  amounts  of  rosin  and  spirits  of  turpentine  manufac- 
tured in  North  Carolina  and  their  values  are  shown  in  the  accom- 
panying table  for  the  year  1893  and  the  census  years  ending  May 
31,  1870,  1880  and  1890  as  reported  by  the  United  States  Census 
for  those  years. 

QuantUy  and  Vafu^  of  Rosin  ami  Spirits  Tarpfntirw  Manufactured  in  North  Carolina. 


NuinlDerof 

establiah- 

ments. 

RosiK.             ' 
Barrels.        Value. 

Spirits  of  1 

Vrpentine. 
Value.    ! 

Year. 

Casks. 

Total  value. 

1870 

147 
184 
194 
247 

. 

$2,338,;i09 
1,758,488 
1,705,833 
1,752,7(K) 

1880 

1890 
1893 

'    305,233      ^377.310   ; 
367,981        392,000   i 

72,888 
1      70,528 

$1,293,086 
1,283,760 

The  total  values  represent  the  value  of  all  products  manufac- 
tured directly  from  turpentine. 

Production  has  ceased  during  the  past  ten  years  in  Wake, 
Craven  and  Edgecombe  counties.  There  has  been  an  increase 
since  1880  only  in  Moore  and  Montgomery  counties,  the  number  of 
barrels  of  rosin  produced  in  Moore  county  for  the  year  (1893)  being 
considerably  larger  than  the  number  produced  in  1880,  though 
the  value  of  the  product  is  less  now  than  at  that  date.  Mont- 
gomery county  is  credited  with  no  resinous  products  in  the  cen- 
sus of  1880,  but  in  189 )  thero  were  12  distilleries  operating  there 
which  produced  22,000  barrels  of  rosin. 

DECREASE  IN  THE  PRODUCTION  OF  CRUDE  TURPENTINE. 

The  quantity  of  crude  turpentine  shipped  is  small  now  com- 
pared with  past  shipments.  All  that  was  shipped  last  year  went 
direct  to  domestic  consumers,  mostly  manufacturers  of  printing 
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and  lithographic  inks.  Boston  was  the  largest  market,  New  York 
and  Baltimore  being  next  in  order.  There  were  6,331  barrels 
shipped  from  Wilmington  and  4,600  barrels  from  other  points, 
making  a  total  of  10,931  barrels,  with  an  estimated  valuation  of 
$12,000.     The  grades  of  this  crude  turpentine  were  not  obtainable. 

The  general  decrease  in  the  amount  of  crude  turpentine  pro- 
duced in  the  extreme  eastern  counties  during  the  past  twenty  years 
is  approximately  shown  by  the  decrease  in  the  exports  of  rosin  and 
spirits  turpentine  from  Wilmington.  This  w^ill  not  apply  to  the 
more  westerly  counties  and  to  Harnett,  Johnston,  Cumberland  and 
Robeson,  since  additional  railroad  facilities  during  the  past  ten 
years  have  turned  a  large  part  of  their  products  from  Wilmington. 
In  a  few  of  these  counties,  as  in  Montgomery  and  Moore,  the  prod- 
uct has  increased  considerably  of  late,  owing  to  better  railroad 
facilities,  but  this  product  is  largely  transported  direct  to  Northern 
markets  and  does  not  enter  into  this  statement  of  exports  from 
Wilmington. 

The  total  exports  of  rosin  and  spirits  of  turpentine  from  Wil- 
mington for  every  year  since  1872,  as  shown  by  the  records  of  the 
Wilmington  Produce  Exchange,  were  as  follows: 

Total  Rosin  and  Spirits  Turpejiiine  Exported  from  Wilmington^  1873-93. 


Year 


'    Exports 
I  of 

Rosin, 
'     Barrels. 

-I- 


1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 

isa'i 


690,151 
556,182 
523,330 
490,555 
537,704 
581,958 
512,891 
447,7.50 
486,138 
444,318 
453,465 


Exports  of 
Spirits  of    I 
Turpentine, 
Casks.       I 


Year. 


Exports 

of 
Rosin, 
Barrels. 


P^xports  of 

Spirits  of 

Turpentine, 

Casks. 


1J?1,236 

125,8:^7 

107,420 

91,592 

101,832 

118,176 

91,224 

101,725 

87,<)58 

87,896 

82,135 


1884 

1885  ' 

1886  I 
1887 

1888  ! 

1889  I 

1890  I 

1891  I 

1892  I 

1893  ' 


342,936 
314,724 
331,497 
381,535 
246,56<i 
351,827 
385,523 
304,818 
273,291 
224,070 


71,354 
()(),603 
():j,684 
71,912 
63,473 
61,626 
70,285 
60,844 
58,034 
47,228 


When  the  exports  of  1883,  for  both  rosin  and  spirits  of  tur- 
pentine, are  compared  with  those  of  1873  there  is  shown  a  falling 
off  of  over  one-third,  while  there  is  a  falling  off  of  nearly  one-half 
in  the  decade  between  1883  and  1893. 
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Many  distilleries  in  the  extreme  eastern  counties  reported  that 
their  territory  had  not  been  thoroughly  worked,  during  the  last  few 
years,  on  account  of  the  low  prices,  and  that  any  rise  in  prices 
would  largely  increase  production.  This  fact  may  in  part  account 
for  the  more  rapid  decline  in  the  receipts  of  rosin  and  spirits  of 
turpentine  at  Wilmington  since  1883. 

The  following  ta,ble  gives  the  foreign  exports  of  rosin  and  spirits 
of  turpentine  from  Wilmington  and  their  value  for  the  past  ten 
years.  The  data  were  kindly  compiled  from  the  records  of  the 
custom-house  at  Wilmington,  for  the  Survey,  by  Mr.  J.  M.  Cronly, 
Deputy  Collector  of  that  port: 

Qiiatiiity  amf  Value  of  Foreign  Exports  of  Rosiii  and  Spirits  Turj)entine  from 
Wilmington,  N.  (\,  1874  and  1S84-93, 


Foreign  Exports  of  Rosin. 

Foreign  Export*  Spirits  Tir- 

Year. 

1                               PEXTINE 

• 

Barrels. 

. 

Value 

Gallons. 

Value. 

1874 

248,424 

$ 

'        2,5.30,000         $.. 
1        1,418,848 
2,375,482 

1884 

300,932 

405,776 

470,644 

1885 

2^)0,165 

348,849 

(589,9(>4 

1886 

288,499 

306,538 

1        2,139,091 

732,642 

1887 

333,119 

.S38,35(J 

!        2,203,457 

757,398 

1888 

311,rtl3 

341,825 

1        1,988,103 

695,476 

1889 

281,251 

296,987 

'        l,a30,795 

641,025 

1890 

302,m)4 

394,569 

1,751,270 

709,988 

1891 

296,918 

' 

426,007 

1        1,473,157 

565,8:« 

1892 

251,853 

1 

?7 1,394 

,        1,080,231 

372,5IM 

1893 

231,056 

1 

299,286 

918,727        1 

256,178 

While  the  foreign  exports  of  rosin  have  varied  but  little  there 
has  been  a  steady  decline  in  the  amount  of  spirits  of  turpentine 
shipped. 


THE  ROSIN  TRADE. 


The  bulk  of  the  rosin  made  in  the  United  States  is  used  in  for- 
eign countries,  England  importing  the  larger  part  of  it.  About 
two-thirds  of  the  amount  manqfactured  in  North  Carolina  last  year 
went  to  Europe,  and  the  remainder  to  domestic  consumers.  Domestic 
manufacturers  use  more  of  the  fine  grades  of  rosin  made  in  this 
State  than  foreign  manufacturers  do.  An  attempt  was  made  to 
ascertain  the  amounts  of  the  different  grades  of  ro.sin  manufactured, 
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but  returns  as  to  this  point  were  frequently  imperfect.  There  were, 
however,  about  4,800  barrels  of  W.  W.  and  W.  G.  rosin  (the  two 
highest  and  lightest  colored  grades)*  shipped  by  rail  from  the 
western  counties  of  the  pine  belt,  and  about  4,000  barrels  of  the 
same  grades  were  shipped  to  Wilmington,  from  the  more  eastern 
counties  of  the  pine  belt.  There  were  about  20,000  barrels  of  other 
grades  of  light  rosin  (above  N.)  made  in  the  western  counties, 
and  shipped  by  rail,  and  about  25,000  barrels  of  these  grades  made 
iu  the  more  eastern  counties  and  shipped  via  Wilmington.  It 
seems  that,  while  Wilmington  handled  nearly  two-thirds  of  the  rosin 
manufactured  in  North  Carolina  it  only  received  about  one-half  of 
the  finer  grades  of  rosin.  Practically  all  of  the  finer  grades  of 
rosin  which  were  received  at  Wilmington,  during  the  year  1893,  were 
sent  to  Europe. 

EXPORTS  OF  TAR   AND   PITCH   FROM   NORTH   CAROLINA. 

Exports  of  tar  and  pitch  from  North  Carolina  have  varied  during 
the  past  twenty  years  much  less  than  have  those  of  rosin  and  turpen- 
tine.    The  exports,  both  foreign  and  domestic,  of  these  commodi- 


*Grades  op  Rosiif.— The  commonly  recognized  grades  of  rosin  in  the  United  States  areas  fol- 
lows: "W.  W."— water  white;  "  W.  G."— window-glass;  *'N."— extra  pale;  **M."— pale;  "K."— 
low  pale;  "I."— good  No.  i:  **H."— No.  i;  "F."— good  No.  2;  "E."— No.  2;  "D."— good  strain; 
"C."— strain;  **  B.  "—common  strain;  "A."— black. 

"Water  white  "  and  "  window-glass."  which  are  the  lightest  colored  and  highest  priced  rosins, 
are  made  only  from  the  "virgin  dip,"  and  usually  only  from  that  gathered  during^  the  first  parts 
of  the  season.  The  virgin  dip  is  the  turpentine  taken  from  the  boxes  the  year  or  sea!*on  that  they 
are  cut.  The  last  dipping  of  the  first  season  (the  boxes  are  dipped  from  six  to  eight  times  during 
a  season)  give  a  yellowish  turpentine  which  makes  rosin  of  about  the  grade  "N."  The  second 
and  succeeding  years  *  yellow  dip"  is  obtained,  the  turpentine  having  acquired  a  decided  yellow 
tinge  of  color  from  running  down  over  the  face  of  the  tree  which  was  hacked  during  the  preceding 
summer  when  it  comes  in  contact  with  the  old  and  dark-colored  resin  on  its  surface,  and  is  subject 
to  the  evaporation  of  the  volatile  oils  in  it  by  being  longer  exposed  to  the  heat  of  the  sun. 

The  second  year's  yellow  dip  makes  usually  rosin  of  the  grade  "  N."  during  the  first  part  of  the 
season,  while  only  darker  grades  "L."  and  "  M."  are  gotten  during  the  latter  part  of  the  season. 
Each  year  that  the  boxes  are  worked  the  dip  becomes  more  colored,  yields  a-  darker  rosin,  and  has 
less  spirits  of  turpentine  in  it  on  account  of  having  to  run  down  a  larger  surface,  covered  with 
colored  resin,  and  be  exposed  for  a  longer  time  to  the  oxidizing  influences  of  the  .sun  and  air. 
The  "scrape,"  which  is  the  hardened  resin  adhering  to  the  scarified  face  of  the  tree,  yields  the 
darker  grades  of  rosin.  The  common  grades  are  made  from  old  .scrape  on  .trees  which  have  been 
worked  several  years,  and  frequently  has  mixed  with  it  sticks  and  chips,  cut  from  the  tree  while 
the  hardened  scrape  was  being  removed.  The  turi>entine  produced  from  the  lighter  colored  dip- 
pings is  of  a  better  quality  than  that  from  the  darker,  being  purer  and  lighter  and  having  less 
rosin  oil  in  it. 

A  large  part  of  the  dark  grades  of  rosin  ("strain"  and  "common")  which  are  exported  to 
Europe  are  used  in  manufacturing  rosin  oil.  The  finer  grades  are  used  in  the  manufacture  of 
y)aps,  paper  sizing,  etc. 
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ties  from  Wilmington  for  the  years  1874,  1884  and  1893  were  as 
follows  : 

Total  Exports  of  Tar  and  Pitch  from  Wilmington. 


Year. 


I 
Tar,  Barrels.    Pitch,  Barrels. 


1874 
18W 
1893 


68,619 
68,794 
52,541 


7,400 
5,734 
3,274 


In  1893,  besides  the  above,  4,600  barrels  of  tar  and  700  barrels 
of  pitch  were  shipped  North  by  rail  from  Robeson  and  Cumber- 
land counties.  This  makes  a  total  of  57,100  barrels  of  tar  and 
4,000  barrels  of  pitch,  with  an  estimated  value  of  ^65,000.  The 
foreign  exports  of  tar  and  pitch  from  Wilmington,  for  the  years 
1873i  1884,  1893  were  as  follows:  In  1873  they  were  48,200 
barrels;  in  1884  they  were  20,138  barrels;  in  1893,  7,740  barrels. 
This  shows  a  decline  in  the  foreign  exports  of  more  than  50  per 
cent,  during  each  decade. 

TOTAL  AMOUNT  AND  VALUE  OF  NAVAL  STORE  PRODUCTS  IN  NORTH  CAROLINA,  1893. 

The  total  amount  and  value  of  the  naval  store  products  shipped 
from  North  Carolina  during  the  year  1893  were  approximately  as 
follows  : 

AinoxLui  and  Value  of  North  Carolina  Naval  Store  Products^  1893. 

75,528  barrels  of  spirits  turpentine $1,283,760 

367,981  barrels  of  rosin 392,000 

10,931  barrels  crude  turpentine 12,000 

63,100  barrels  tar  and  pitch  65,000 

Total  value  of  products $1,752,760 

A  preliminary  report  of  the  Eleventh  Census  estimates  the  total 
products  for  North  Carolina  for. the  year  ending  May  31,  1890,  to 
have  had  a  valuation  of  $1,705,833.  No  crude  turpentine  is  given 
in  that  report  and  the  tar  is  given  at  600  barrels,  valued  at  $847 
for  the  entire  State.  This  statement  is  evidently  incorrect,  since 
the  exports  of  that  product  from  Wilmington  alone  amounted  to 
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72,000  barrels  for  the  year  1890  and  almost  as  much  for  the  pre- 
ceding year. 

CONDITION   OF    THE    TURPENTINE  ORCHARDS    IN    NORTH   CAROLINA. 

As  bearing  on  the  future  supply  of  resinous  products  in  North 
Carolina,  a  close  examination  was  made  into  the  condition  of  the 
long-leaf  pine  forests  nc»w  standing  in  the  State,  and  in  the  follow- 
ing notes  the  writer  has  endeavored  to  show  the  character  and 
extent  of  the  existing  productive  orchards,  of  those  orchards  which 
have  been  abandoned,  the  round  timber  which  can  be  boxed,  and 
the  second  growth  long-leaf  pine. 

LENGTH  OF  TIME  THAT  TURPENTINE  ORCHARDS  ARE  WORKED. 

The  orchards  of  the  Cape  Fear  river  section  have  been  worked 
steadily  for  from  twenty  to  thirty-five  years  and  in  Sampson  and 
Bladen  counties  many  bodies  of  pine  are  reported  as  having  three 
sets  of  boxes  on  them,  having  been  worked  since  1845,  with  inter- 
missions of  a  few  years  for  rest  and  to  allow  the  space  between  the 
hacked  faces  to  increase  in  breadth.  The  yield  from  these  long- 
worked  trees  is  still  considerable  when  they  grow  on  good  soil,  and 
when  the  trees  have  been  injured  in  no  other  way,  as  by  fire 
charring  the  faces  of  the  old  boxes. 

These  trees  along  the  Cape  Fear  river  seem  capable  of  standing 
continuous  working  longer  than  those  in  any  other  part  of  the  State 
or  even  of  the  United  States,  there  being  numerous  reports  from 
this  section  stating  that  the  orchards  had  been  worked  from  forty 
to  fifty  years.  From  Columbus  county  only  one  distiller  reported 
that  his  trees  had  been  worked  as  long  as  thirty-five  years,  while 
others  stated  that  theirs  were  abandoned  after  having  been  worked 
from  twe'nty  to  twenty-five  years.  One  distiller  in  Robeson  county, 
on  the  Cape  Fear  river,  reported  fifty  years  as  the  maximum  time, 
while  for  those  farther  west,  in  Moore  county,  approaching  the  clay 
uplands  and  at  an  elevation  of  from  300  to  500  feet  above  the  sea- 
level,  a  productive  limit  of  twenty  years  was  given.  In  South 
Carolina  the  trees  are  worked  from  twelve  to  fifteen  years;  in 
fteorgia   from  four  to  eight  years,  except  the  slash  pine  (Pinus 
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cubensis  Griseb.)  along  the  coast,  which  "runs  dry"  in  one  or  two 
years,  as  is  true  of  the  loblolly  pine  in  North  Carolina. 

It  may  be  said  that  most  of  the  orchards  now  producing  in  North 
Carolina  have  been  "back-boxed"*  and  that  over  four-fifths  of 
the  crude  turpentine  comes  from  back -boxed  trees.  Only  in  Mont- 
gomery and  the  western  parts  of  Moore  county  are  there  any 
extensive  bodies  of  trees  which  have  not  been  back-boxed.  The 
average  time  the  trees  have  been  worked  in  these  two  counties  is 
about  seven  years,  but  many  of  the  orchards  in  Montgomerj-  have 
only  been  worked  for  four  years. 

AREAS  OF  ABANDONED  TURPENTINE  ORCHARDS. 

An  examination  of  this  region  showe(J  that  large  areas  of  long- 
leaf  pine  forests  had  been  abandoned  as  no  longer  profitably  yield- 
ing turpentine.  Such  areas,  where  the  trees  are  still  standing,  are 
classed  by  the  distillers  as  abandoned  orchards.  When  these  forests 
have  been  removed  by  fire  or  cut  by  lumbermen  and  no  loblolly 
pine  has  appeared  to  take  the  place  of  the  long-leaf  pine,  the  term 
waste  land  is  applied  to  these  areas.  The  following  estimates  of  the 
amounts  of  abandoned  orchards  in  the  separate  counties  are  based 
on  returns  made  by  162  distillers  in  these  counties,  supplemented 
by  personal  investigation  by  the  writer.  These  areas^  in  acres,  of 
abandoned  turpentine  orchards  were  as  follows  in  December,  1893 : 

Areas  of  Abandoned  Turpentine  Orchards  in  Xorth  Carolina^  1893, 

Bladen  county 60,000  acres.  Onslow  county 38,000  acres. 

Brunswick 98,000  "  Pender 28,000  " 

Cumberland 51,000  "  Richmond 32,000  " 

Duplin 17,000  *'  Robeson 63,500  " 

Harnett 52,000  "  iSampson 58,500  *' 

Lenoir 20,000  "  Wayne 30,000  •' 

Johnston 30,000  **  Wilson 20,000  " 

Montgomery 10,000  "  Other  counties 75,000  " 

Moore 10,000  "  


Nash 25,000     **  Total  in  the  State.. ..718,000     " 

Included  in  the  term  ''other  counties'*  are  Wake,  Edgecombe, 
Craven,   Columbus,  New   Hanover  and  Carteret  counties.     The 


•For  explanations  of  this  and  other  terms  see  pp.  94—96. 
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amount  abandoned  during  the  past  few  years  has  been  greater  than 
usual,  the  very  low  prices  making  it  unprofitable  to  work  thinly 
timbered  orchards  longer.  The  operation  of  many  of  these  bodies 
may  be  resumed  should  there  be  any  material  advance  in  prices 
of  uaval  store  products,  but  such  a  change  is  hardly  probable.  In 
these  areas  of  abandoned  orchards  there  is  a  great  range  of  density 
of  forest  growth,  varying  from  that  which  may  be  called  the  normal 
density,  which  will  cut  from  3,500  to  4,500  feet,  board  measure,  to 
the  acre,  to  that  which  will  scarcely  cut  300  feet  to  the  acre,  below 
which  latter  limit  it  would  be  considered  waste  land  unless  a 
growth  of  loblolly  pine  has,  in  part,  replaced  the  long-leaf  pine. 
Although  there  is  very  little  of  this  abandoned  orchard  that  is 
heavily  timbered  with  long-leaf  pine,  all  of  it  has,  more  or  less, 
valuable  mill  timber  on  it.  Much  of  the  timber  might  again  be 
boxed  and  profitably  worked  if  protected  until  the  growth  of  the 
space  between  the  boxes  would  allow  new  boxes  to  be  cut. 

ANNUAL    ADDITIONS    TO    THE    TURPENTINE    ORCHARDS. 

The  number  of  acres  of  round  timber  being  boxed  yearly  is  now 
very  small.  An  attempt  was  made  to  ascertain  this  amount,  but 
both  bojck  boxes  and  original  boxes  were  included  in  the  returns; 
these  figures,  too,  were  somewhat  fragmentary  for  certain  districts. 
For  the  seasons  1892-*93  and  1893-*94  the  total  Jivmber  of  boxes  cut 
in  each  county  were  about  as  follows  : 

Number  of  Boxes  Cut  in  North  Carol inaj  1892-94. 


C<iUNTY. 


Bladen 

Brunewickf  - 
Columbus..  .. 
Cumberland.. 

Duplint 

Harnett 

Johnston 

Montgomery . 

Moore 

Lenoirf 


Season    \    Season 
I892-*93.  ,  1893-'94. 


COL'NTY. 


Season        Season 
1892-'93.  i  1893-'94. 


86,000         95,000     iNash |    60,000 

10,000      i  New  Hanover*. 


60,000 
255,000 
11,000 
82,000 
35,000 
35,000 
83,000 


70,000 
220,000 

4,000 
70,000 
42,000 
60,000 
78,000 

3,000 


Pender.. 

'Onslow 

1 1  Richmond . 

Robeson.... 
'Sampson.... 

1 1  Wayne 

iWilson 


33,000 

35,000 

90,000 

197,000 

114,000 

7,000 


I- 


60,000 


22,000 
18,000 
65,000 
96,500 
105,000 
3,000 


Totals 11,193,000    1,011,500 


*No  returns  made.       tRetums  not  full. 
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It  can  be  roughly  estimated  that  it  would  require  the  trees  on 
20,000  acres  to  hold  the  number  of  boxes  cut  in  1893-'94.  The 
proportion  of  this  which  was  round  timber,  and  which  represents 
the  increase  in  the  area  of  orchard,  was  under  3,000  acres.  The 
largest  single  tract  ascertained  to  have  been  newly  boxed  was  350 
acres  in  Bladen  county.  There  were  other  tracts  nearly  as  large 
in  Sampson,  Harnett,  Richmond  and  Montgomery  counties. 

BOXING  OF  OTHBR  SPECIES  OF  PINES. 

The  loblolly  and  short-leaf  pines  are  not  generally  tapped  in 
this  State.  An  attempt  was  made,  however,  to  find  out  the  num- 
ber of  loblolly  pine  {P.  Taeda)  boxes  cut  last  year  in  Johnston  and 
Robeson  counties,  where  most  of  them  are  worked,  and  the  num- 
ber was  found  to  be  under  20,000,  showing  that  a  very  insignifi- 
cant amount  of  turpentine  is  produced  from  this  tree.  There  were 
about  3,000  short-leaf  pine  (P.  miti^)  boxes  cut  last  year  in  Mont- 
gomery county.  This  tree  was  extensively  worked  fifteen  years 
ago  in  Wake  and  Chatham  counties.  The  young  trees  are  the  only 
ones  which  yield  sufficiently  to  justify  boxing;  they  yield  about 
two-thirds  as  much  crude  turpentine  as  the  long-leaf  pine  and  can  be 
worked  from  six  to  seven  years.  The  crude  turpentine  from  the 
loblolly  pine  is  very^thin,  and  runs  so  freely  that  it  usually  over- 
flows the  box  and  runs  down  to  the  ground,  unless  the  boxes  are 
dipped  more  frequently  than  the  long-leaf  pine  boxes  are.  It  is 
said  to  have  so  much  water  in  it  that  when  distilled  without  a 
large  intermixture  of  crude  turpentine  from  the  long-leaf  pine 
only  a  poor  quality  of  spirits  turpentine  is  obtained. 

AMOUNT  OF  ROUND  TIMBER  AVAII^ABLE  FOR   BOXING. 

This  name  is  given  to  the  original  growth  of  long-leaf  pine 
before  it  has  been  boxed.  It  makes,  of  course,  better  mill  timber 
than  the  boxed  trees,  which  have  the  lower  part  of  the  stock  around 
the  face  of  the  boxes  surcharged  with  resin,  obliterating  all  signs 
of  the  grain  and  making  what  is  called  lightwood.  The  amount 
of  round  timber,  in  acres,  standing  in  each  county  December,  1893, 
was,  as  nearly  as  could  be  determined,  as  follows: 
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A inotuU  of  Round  Timber  {Long-leaf  Pine)  in  North  Carolina^  Derember^  1893. 

Bladen  3,900  acres.    Nash 700  acres. 

Columbus 3,700  **         Onslow 3,200  " 

Cumberland 1,300  "         Pender 5,400  " 

Duplin  1,»00  '*         Richmond 2,200  ** 

Harnett 6,100  "         Robeson 6,850  '* 

Johnston  200  **         Sampson 876  ** 

Jones 400  "         Wake 700  " 

Lenoir 1,500  "         Wayne 200  ** 

Montgomery 6,('50  **                                                 

Moore 10,700  **  Total  for  the  State...  55,876  ** 

The  total  amount  of  round  timber  now  standing  is  very  little 
more  than  was  yearly  being  put  in  orchard  during  the  period 
between  1840  and  1870.  The  number  of  acres  of  round  timber 
standing  in  these  same  counties  fifty  years  ago  must  have  been 
between  4,000,000  and  5,000,000  acres.  Much  of  this  remaining 
timber  will  probably  never  be  boxed,  being  in  small  bodies  in  dis- 
tricts where  trees  have  ceased  to  be  worked  for  turpentine. 

YOUNG  GROWTH   OF    I,ONG-LEAF  PINE. 

The  young  growth  of  long-leaf  pine  may  also  be  included  along 
with  the  round  pine  as  timber  which  in  part  now,  or  in  the  near 
future,  can  be  worked  for  turpentine.  But  unfortunately  the  acre- 
age of  second  growth  pine  which  is  now,  or  even  soon  will  be.  of 
sufficient  size  to  be  boxed  for  this  purpo.se,  is  very  small,  and  the 
trees  in  such  growth  are  scattering,  consequently  they  are  short- 
bodied  and  present  little  uniformity  as  regards  size  or  regularity  of 
growth.  The  figures  for  this  acreage  are  based  on  field  notes  taken 
during  an  examination  of  the  pine  lands  during  the  winter  of 
1893-'94.  In  each  case  they  are  probably  much  in  excess  of  the 
true  amount  of  young  growth  of  trees  large  enough  to  hold  a  tur- 
pentine box.  The  counties  in  which  any  large  amount  of  young 
growth  was  observed  and  the  approximate  amounts  of  this  in  each 
(in  acres)  are  enumerated  in  the  accompanying  table: 

Area*  of  Young  Gronih  of  Long-leaf  Hne  in  North  Carolina ^  1SU3. 

Bladen  county 3,500  acres.  New  Hanover 4,000  acree. 

Craven  5,000     '*  Robeson 2,000     " 

Cumberland  2,700     **  Sampson 2,500     " 

Moore 700     "  Others  possibly 10,000     " 

Lenoir 2,000     "  

Johnston 700     **  Total  in  the  State 33,100     ** 

6 
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Some  of  this  young  growth  has  already  been  boxed,  but  the^ 
amount  of  turpentine  gotten  from  it  is  inconsiderable.  It  varie.s 
in  age  from  about  eighteen  to  thirty-five  years,  and  in  diameter  from 
four  inches  to  eighteen  inches.  The  amount  of  young  growth 
loblolly  and  short-leaf  pine  is  very  large,  should  the  price  ever 
allow  them  to  be  extensively  worked  for  turpentine. 

DECREASING  AKEA  OF  TURPENTINE   ORCHARDS    IN    NORTH    CAROLINA. 

As  shown  in  the  above  statements  the  additions  to  the  areas  of 
turpentine  orchards  during  the  past  few  years,  from  both  the  tak- 
ing in  of  new  mature  forests  and  the  boxing  of  young  or  second 
growth  pine  trees  has  been  small.  On  the  other  hand,  the  destructive 
agencicis,  such  as  forest  tires,  storms  and  the  lumbermen,  have  been 
actively  at  wo'-k,  and  as  the  result  of  their  combined  activities  the 
area  of  productive  turpentine  orchards  iA  North  Carolina  has  been 
reduced  to  but  a  small  part  of  what  it  was  half  a  century  ago. 
Over  the  large  areas  north  of  Neuse  river  the  long-leaf  pine  has 
practically  disappeared.  Over  large  areas  between  this  river  and 
the  South  Carolina  State  boundary  line  many  of  the  once  dense 
virgin  long-leaf  pine  forests  have  given  place  to  equally  large  areas 
of  abandoned  pine  barrens  and  waste  lands. 

DESTRUCTION  OF  ORCHARDS  BY   FIRES. 

Every  year  there  is  more  or  less  destruction  of  standing  timber 
by  fires,  both  in  worked  and  in  abandoned  orchards.  The  loss 
during  the  past  year  and  the  number  of  acres  burnt  over  are 
shown  with  approximate  accuracy  in  the  accompanying  tabulated 
statement: 

Some  of  the  Lonseit  from  Fires  in  Long-leaf  Pine  Fareat^^  1893. 


Ix)CA  LiTY.  No.  of  Acres  Burnt. '        Loss. 


Moore  county I  30,000  $25,000* 

Cumberland I  10,000  12,000t 

Robeson I  5,000  6,000 

Six  other  smaller  fires ,  3,500  5,000 


Totals I  48,500  '     $48,000 


•Estimated  by  W.  E.  Petty,  Esq.,  Carthage,  N.  C. 
t  Estimated  by  Mr.  John  Blue,  of  Aberdeen,  N.  C. 
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All  of  these  fires  took  place  iu  the  spring,  either  in  March  or 
April,  and  all  were  reported  as  started  from  the  firing  of  the  grass 
of  the  pine  barrens.  The  first  two  fires  were  particularly  severe, 
going  through  orchards  that  were  being  worked,  and  ruining  not 
onl)^  the  boxes,  but  also  killing  a  great  deal  of  the  timber,  very 
little  of  which  was  so  situated  that  it  could  be  converted  into  lum- 
ber before  being  attacked  by  the  borers. 

In  the  fall  of  1892  there  was  another  severe  fire  in  Richmond 
and  Moore  counties,  which  destroyed  a  large  amount  of  timber, 
and  also  the  village  of  West  End,  on  the  Aberdeen  &  West  End 
Railroad.  The  value  of  the  timber  alone  destroyed  by  this  fire  was 
placed  at  $75,000. 

The  danger  and  loss  occasioned  by  fires  in  the  forests  is  not  suffi- 
ciently understood  by  the  class  of  persons  who  are  generally  the 
cause  of  them.  In  the  pine  barrens  most  of  the  fires  are  purj)osely 
started,  and  the  persons  starting  them  should  be  held  responsible 
for  any  loss  caused  by  them.  Too  great  discretion  cannot  be  exer- 
cised about  a  suitable  time  to  burn  the  woods,  when  it  is  deemed 
absolutely  necessary  to  burn  them,  and  persons  should  be  careful 
that  it  is  not  too  late  in  the  season:  after  the  trees  have  begun  to 
put  forth  their  leaves  or  shoots,  and  that  the  season  is  not  too  dry. 
Much  care  should  be  taken  to  prevent  such  fires  escaping  proper 
bounds  and  destroying  the  property  of  other  persons  who  are  in 
no  way  connected  with  the  starting  of  the  fire. 

The  damage  of  fires  is  more  than  local  and  the  loss  occasioned 
by  them,  or  resulting  from  them,  is  felt  far  beyond  the  immediate 
<iistrict  iu  which  they  occur.  Even  when  there  is  no  apparent 
damage  it  sets  a  precedent,  the  following  of  which  is  sure  ulti- 
mately to  lead  to  great  damage.  And  there  is  always  a  consid- 
erable amount  of  damage  done;  enough  to  far  more  than  counter- 
balance the  advantages  supposed  to  be  gained  in  improving  the 
pasturage  of  the  forests  or  in  other  ways. 

The  illustration  (Plate  I)  facing  page  58  is  from  a  photograph 
of  a  long-leaf  pine  forest  a  few  miles  west  of  Southern  Pines, 
Moore  county,  taken  some  months  after  a  forest  fire  had  swept 
through  this  region.  All  of  the  pines  at  this  point  were  killed. 
Many  of  them  fell  and  were  partially  or  completely  destroyed,  and 
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the  few  left  standiug  were  practically  ruined,  as  they  could  not  be 
cut  at  once.  (See,  also,  pp.  57  and  61  for  notes  on  the  destructive 
work  of  forest  fires). 

DAMAGES  TO  ORCHARDS   FROM  STORMS. 

Besides  the  injuries  to  turpentine  orchards,  during  1898,  from 
fires  they  were  damaged  by  two  severe  storms,  occurring  one  in 
August  and  the  other  in  October,  in  the  fall.  The  earlier  storm, 
in  August,  did  but  slight  damage,  except  to  abandoned  orchards. 
The  one  of  October  14th,  however,  proved  generally  destructive 
to  all  boxed  pines,  besides  blowing  up  by  the  roots  many  oaks 
and  other  hardwood  trees.  The  damages  were  greater  in  the 
south-eastern  portions  of  the  State,  especially  in  Columbus,  Bladen, 
Sampson  and  Johnston  counties,  but  they  were  by  no  moans  eon- 
fined  to  these  counties.  The  force  of  the  storm  was  not  uniformly 
distributed  over  this  area,  but  was  more  severe  at  numerous  scat- 
tered points.  Twenty  distillers  in  these  counties  estimate  that  at 
least  one-tenth  of  their  trees  were  blown  down,  while  other  orchards 
were  injured  to  a  less  extent,  and  several  thousand  acres  of  aban- 
doned orchard  were  ruined. 

Most  of  this  fallen  timber  proved  to  be  a  total  lo.S8,  though  about 
100,000  railroad  cross-ties  were  cut  from  it  at  points  contiguous  to 
the  railroads,  and  small  quantities  of  it  were  carried  to  the  saw- 
mills on  the  Cape  Fear  river.  Unboxed  long-leaf  pines  sutiered 
very  little,  and  neither  the  loblolly  pine  nor  swamp  timber  was 
damaged  to  any  considerable  extent.  Boxed  pines,  as  a  rule,  were 
broken  off  at  the  box.  Out  of  one  hundred  prostrated  long-leaf 
pines  seen  near  Bladenboro  (X.  C.)  eighty-five  were  broken  off  at 
the  boXj  four  above  the  box  but  along  the  face,  ten  were  blown  up 
by  the  roots,  and  only  one  tree  was  broken  off  above  the  face  of 
the  box.  These  facts  show  the  importance  of  adopting  some  other 
system  of  gathering  the  turpentine  which  will  avoid  the  deep  box- 
ing of  the  trees.  Such  a  system  is  practiced  in  France,  and  is 
described  further  on  in  this  report  (page  96). 
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AREA  OF  ORCHARDS  REDUCED  BY  LUMBERING. 

Lunibermeu  are  also  instrumental  to  a  considerable  extent  in 
reducing  the  acM-eage  of  turpentine  orchards.  In  Moore,  Rich- 
mond and  Robeson  counties  they  are  rapidly  cutting  into  the 
orchards.  Eleven  distillers  in  the  two  first  counties  reported  their 
orchards  as  having  been  cut  into  by  lumbermen  last  year,  j^i 
least  35,000  acres  of  new  and  abandoned  orchard  must  have  been 
cut  over  during  1893  to  have  yielded  the  lumber  cut  during  that 
year  by  the  mills  sawing  long-leaf  pine. 

HOW    LONG    CAN    OUR    TURPENTINE    ORCHARDS    LAST? 

It  a[>pears  from  the  foregoing  that  there  are  in  the  State  less 
than  70,000  acres  of  long-leaf  pine  timber  now  unboxed  which  can 
be  added  in  the  future  to  the  turpentine  orchards,  and  that  the 
present  yield  of  turpentine  is  derived  principally  from  ** back- 
boxed'*  trees,  which  if  not  destroyed  within  twenty  years  could 
not  continue  to  yield  tur{)entine  for  more  than  that  length  of  time. 
In  point  of  fact,  however,  the  trees  of  existing  orchards  cannot 
produce  turpentine,  except  in  a  small  way,  for  even  that  lengtli  of 
time,  since  they  are  being  destroyed  by  fire,  or  converted  into  lum- 
ber, at  the  rate  of  over  G0,000  acres  a  year.  Then,  too,  the  rate  of 
destruction  increases  each  year  as  the  number  of  mills  increases, 
and -as  the  amount  of  abandoned  orchard,  which  proper  precau- 
tions are  not  taken  to  protect  from  fire,  becomes  larger;  and  these 
abandoned  orchards  serve  as  means  of  carrying  fire  to  the  newer 
orchards  which  are  being  used. 

FRENCH    AND    AMERICAN    METHODS    OF    GATHERING    TURPENTINE. 

The  two  chief  objections  to  the  American  system  of  boxing  trees 
for  turpentine  are: 

(1).  The  injury  to  the  tree  produced  by  the  box,  interrupting  and 
impairing  the  life  processes  and  sooner  or  later  damaging  the  tim- 
ber or  causing  its  entire  destruction,  and, 

(2).  That  the  yield  of  spirits  of  turpentine  is  less  than  it  should  be, 
and  the  rosin  manufactured  is  largely  of  darker  and  inferior  grades. 

A  method  of  tapping  the  trees,  which  to  a  very  great  extent 
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remedies  these  faults,  is  the  Hugues  system,  which  was  first  used 
in  France  about  1860,  and  since  that  time  has  come  into  general 
use  in  that  country,  having  been  found  more  efficacious  than  the 
one  previously  used  there.  It  presents  as  great  an  advancement 
on  the  American  system  now  in  vogue  as  the  American  did  on  the 
early  French  method. 

THK  AMERICAN  SYSTEM   OF  GATHERING  TURPENTINE. 

The  American  method,  which  can  be  advantageously  used  only 
on  stocks  over  fifteen  inches  in  diameter,  consists  of  cutting  in  the 
base  of  the  tree,  about  eight  inches  from  the  ground,  a  hole  called^ 
the  box.  This  box,  which  is  hollowed  out  with  a  narrow,  thin- 
bladed  axe  manufactured  for  the  purpose,  has  a  length  following 
the  circumference  of  the  tree  of  about  fourteen  inches  {d  to  e  of 
Plate  II),  a  depth  of  about  seven  inches  (6  to  /),  and  extends 
back  into  the  wood  at  the  mouth  of  the  box  about  four  inches 
(6  to  c),  or  at  the  bottom  of  the  box  (/)  about  five  inches.  At  the 
same  time  that  the  box  is  cut  there  is  a  triangular  strip  removed 
on  either  side  of  it  and  extending  up  as  high  as  the  tip  of  the  box- 
This  operation  is  called  cornering  and  the  channels  left  where  the 
chips  were  removed  act  as  gutters  leading  into  the  box. 

Immediately  above  this  box  the  thin  bark  and  a  thin  section  of 
the  sap-wood  is  removed  by  means  of  a  sharp,  bent-bladed  imple- 
ment called  the  hack.  In  this  process,  called  hacking  or  chipping,  the 
implement  is  drawn  at  an  oblique  angle  across  the  surface  of  the 
trunk  alternately  in  opposite  directions,  each  pair  of  grooves  made 
by  the  hack  forming  a  V,  so  that  the  cut  surface  consists  of  two 
planes  forming  a  very  obtuse  angle,  the  lines  of  their  union  run- 
ning vertically  up  the  tree  above  the  center  of  the  box,  and  dowu 
which  line  the  resin  runs  into  the  box.  This  scarified  surface^ 
called  the /ac€,  has  a  breadth  of  from  fourteen  to  sixteen  inches  and 
a  depth  usually  of  one  and  one-half  to  two  inches,  rarely  going  ia 
as  deep  as  the  thickness  of  the  sap-wood. 

The  boxes  are  cut  late  in  fall  or  early  in  spring,  and  in  the 
first  part  of  March  chipping  is  begun,  and  is  repeated  about 
once  a  week  for  from  thirty  to  thirty-five  weeks,  according  to  the 
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length  of  the  summer  season  and  the  way  the  resin  runs.  At  each 
chipping  about  one-half  an  inch  of  wood  is  cut  off.  The  resin 
lying  in  the  resin  ducts  or  pores,  which  are  parallel  with  the 
grain  of  the  wood,  flows  out  when  these  ducts  are  cut  and  runs 
down  into  the  box.  The  object  of  repeated  chipping  is  to  open 
a  fresh  surface  for  the  exudation,  when  tlie  ducts  have  become 
clogged  by  an  accumulation  in  them  of  hardened  resin.  By  the 
end  of  the  first  season  the  face  has  been  carried  up  eighteen  to 
twenty  four  inches  above  the  box. 

The  resin  which  runs  into  the  box,  called  virgin  dip  the  first 
season,  and  the  yellow  dip  of  subsecjueut  years  is  a  thick,  viscid 
liquid,  more  or  less  transparent  and  thinner  the  first  season,  but 
hardening  quickly  on  exposure.  During  the  first  season  it  is 
removed  seven  or  eight  times  from  the  box.  That  resin  which 
hardens  on  the  face  is  removed  by  a  sharp  scraper  (scraping)  and  is 
mixed  with  chips  and  bark,  and,  besides  containing  only  one-half 
as  much  spirits  of  turpentine  as  the  dip,  makes  a  much  harder  and 
darker  and  withal  less  valuable  grade  of  rosin  than  the  dip,  much 
of  the  spirits  of  the  scrape  having  evaporated  or  oxidized  under 
the  influence  of  light,  heat  and  air.  Each  year  as  the  face  is  car- 
ried up  higher,  about  twenty  inches  a  year,  there  is  more  scrape 
and  less  dip,  as  the  resin  exuding  from  the  freshly  hacked  sur- 
face has  to  run  over  the  entire  surface  wliich  has  already  been 
hacked  before  it  reaches  the  box,  and  a  large  proportion  of  it 
hardens  and  never  reaches  the  box. 

The  dip,  as  has  been  explained,  becomes,  in  succeeding  years, 
gradually  darker  as  work  is  carried  on  until  it  makes  only  a  slightly 
better  rosin  than  the  scrape  and  contains  only  two-thirds  as  much 
spirits  of  turpentine  as  the  virgin  d4p  gotten  the  first  year  the 
boxes  were  worked.  There  will  average  two  such  boxes  to  a  tree, 
the  trees  generally  being  about  twenty  inches  in  diameter.  After 
the  "faces*'  have  been  carried  up  so  high  that  it  is  no  longer 
profitable  to  work  them,  the  trees  are  allowed  to  rest  for  several 
years  and  recuperate.  During  this  time  the  sound  wood  left 
betw^een  the  "faces"  broadens,  partly  covering  the  old  faces,  so  that 
on  large  trees  new  "boxes"  can  be  cut  in  between  the  old  ones  and 
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tlie  trees  again  worked.     This  is  called  "back-boxing."     There  are 
frequently  three  sets  of  boxes  put  on  one  tree. 

THE   FRENCH   SYSTEM   OF  GATHERING  TURPENTINE.? 

The  original  French  method  merely  removed  the  bark  and  a 
thin  layer  of  sap-wood  from  a  space  (face)  about  five  inches  wide 
on  each  tree,  and  the  resinas  it  exuded  after  the  repeated  chippings 
ran  into  a  receptacle  placed  at  the  foot  of  the  tree  to  receive  it,  or 
frequently  into  a  hole  dug  in  the  sand.  By  the  latter  method, 
which  was  very  primitive,  the  turpentine  was  mixed  with  sand, 
the  spirits  was  absorbed  and  only  a  poor  grade  of  rosin  was  made 
from  it. 

The  method  adopted  in  18G0,  when  the  production  of  turpen- 
tine was  stimulated  in  France  owing  to  the  stoppage  of  American 
exports  by  the  blockades  during  the  civil  war,  was  very  much  in 
advance  of  this.  The  new  method,  then  adopted,  may  be  described 
in  general  terras  as  follows:  At  the  end  of  February  the  outer 
bark  for  a  considerable  height  is  removed  on  all  trees  which  are  to 
be  tapped  that  year,  leaving  only  a  thin  layer  of  bark  over  the 
sap-wood.  This  is  to  prevent  loose  bark  from  falling  into  the  resin. 
At  the  first  of  March,  with  a  peculiar-shaped  implement  resembling 
an  adze  with  a  bent  handle  and  a  curved  blade,  there  is  made  near 
the  foot  of  the  tree  an  incision  which  is  four  inches  broad,  two 
inches  high  and  only  one-third  of  an  inch  deep.  At  the  bottom  of 
this  incision  a  curved  gutter  of  zinc  or  galvanized  iron,  which  has 
a  width  of  the  hacked  face  and  teeth  on  its  inner  edge,  is  driven 
into  the  wood.  This  gutter  turns  the  more  liquid  resin,  which 
flows  down  into  an  earthenware  or  zinc  cup  hung  on  a  staple 
immediately  below  the  gutter. 

The  accompanying  illustration  (Plate  III),  taken  originally  from 
Professor  L.  Boppe's  work  on  Forest  Technology,  but  here  repro- 
duced Irom  the  Annual  Report  of  the  Chief  of  the  Division  of 
Forestry,  U.  S.  Department  of  Agriculture,  for  1892,  ''represents 
a  pine  two  hundred  years  old,  with  more  than  fifty  scars  or  chips, 
without  apparently  any  ill  effects  on  the  life  of  the  tree.''*     Some 
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FIQ.  1.— TURPENTINE  QATHERINQ  (FRENCH 
SYSTEM),  TILL  AND  POT. 


FIQ.  2.— CROSS  SECTION  OF  TURPENTINE 
TREE  (FRENCH  SYSTEM). 


FIQ.  3.— FIRE-SAFETY  STRIP  ALONG  RAILROAD,  FRENCH  TURPENTINE  FOREST. 
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of  the  details  of  the  method  are  more  elearly  shown  in  the  figures 
1  and  2  of  Plate  IV. 

Figure  1  of  Plate  IV  ^'exhibits  the  method  of  gathering  tur- 
pentine by  the  Hugues  system,  and  the  use  of  the  till  and  pot. 
While  formerly  the  resin  was  allowed  to  run  into  a  hole  in  the 
sand  at  the  foot  of  the  tree,  since  18G0,  when  the  production  was 
stimulated  by  the  closing  of  the  American  sources  of  supply,  an 
improvement  on  the  crude  method  of  collecting  came  into  use. 
It  consists  in  fixing  a  bent  zinc  collar  or  gutter  cut  from  sheet  zinc 
eight  inches  long  and  two  inches  wide,  with  teeth  (see  figure)  across 
the  chip,  which  acts  as  a  lip,  and  conducts  the  liquid  resin  into  a 
glazed  earthen  pot  or  a  zinc  vessel  of  conical  shape  sus[)ended 
below  the  lip.  The  pots  are  six  inches  high,  four  and  a  half  inches 
at  the  opening,  and  three  inches  at  the  bottom,  and  hold  about  one 
(juart.  At  first  placed  on  the  ground  they  are  fastened  each  season 
above  the  old  chip  by  means  of  a  nail  through  a  hole  or  otherwise 
(see  figure).  In  this  way,  by  shortening  the  distance  over  which 
the  resin  has  to  flow,  the  evaporation  of  the  oil  is  reduced  and 
there  is  less  liability  of  impurities  to  fall  into  the  receiver.  A 
cover  over  the  pot  is  also  sometimes  used.  The  pots  are  emptied 
every  fifteen  or  twenty  days  with  the  aid  of  a  spatula.  The  scrape 
is  collected  only  twice  in  the  season,  in  June  and  November.*'* 

Figure  2  of  Plate  IV  shows  a  cross  section  of  a  pine  tree  treated 
according  to  the  French  method,  bled  at  different  places  at  different 
times.  Some  of  the  scars  are  nearly  covered  over  with  new  wood 
(as  at  II),  and  two  of  the  scars  (as  at  III)  have  been  recently  made 
in  new  wood  between  older  scars. 

"Another  improvement  which  reduces  the  amount  of  evapora- 
tion and  assures  cleaner  resin  consists  in  covering  the  chip  with  a 
board.  This  improvement  (Hugues  system)  is  said  to  yield  more 
and  purer  resin,  the  yield  is  claimed  to  be  about  one-third  larger, 
and  the  difference  in  price,  on  account  of  purity,  80  to  90  cents 
a  barrel,  while  the  cost  per  tree  per  year  is  figured  at  about  one 
cent,  besides  the  proportion  of  scrape  is  considerably  reduced. 
This  (called  gallipot)  is  collected  by  hand,  except  the  hardest  impure 
parts  (called  barras),  of  which  there  is  hardly  any  in  this  system  of 
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collection.     Not  more  than  17.9  per  cent,  of  scrape  is  expected,  as 
against  29  in  the  American  practice."* 

Figure  3  of  Plate  IV  "shows  safety  fire  strip  along  railroad  ; 
a  is  the  elevated  roadbed,  6  is  a  strip  of  ground  about  twenty-five 
feet  wide,  which  is  cleared  of  all  inflammable  material.  Alongside 
of  this  the  wooded  safety  strip  about  fifty  to  sixty  feet  wide ;  e  is  a 
ditch  five  to  six  feet  wide,  a  foot  or  so  deep,  the  soil  being  thrown 
toward  d.  Cross  ditches  are  made  through  the  safety  strip  every 
300  feet.  The  total  width  of  the  whole  system  of  the  road  on 
either  side  is,  therefore,  eighty  to  ninety  feet.  The  strip  b  may  be 
used  for  agricultural  purposes  if  tit  for  it;  strip  c  remains  wooded, 
but  the  forest  floor  is  cleared  out  and  freed  of  all  inflammable 

material,  "t 

Chipping  is  done  forty  to  fifty  times  a  season,  and  by  the  end  of 
the  first  season  the  chipped  surface  has  reached  a  height  of  twenty 
inches;  that  is,  while  the  face  is  carried  in  one  season  just  about 
as  high  in  France  as  in  the  United  States  it  is  hacked  from  twelve 
to  fifteen  times  more  in  the  former  country  than  here.  This  cup 
can  be  emptied  easily  and  quickly  by  lifting  it  off  the  tree,  and  to 
prevent  it  being  broken  can  be  set  aside  while  hacking  and  scraping 
is  in  progress,  which  latter  operation  is  done  once  a  year,  in  the 
fall.  When  work  is  begun  on  the  second  and  subsequent  years 
the  cup  and  gutter  are  moved  up  and  refastened  so  as  to  be  just 
under  the  newly  hacked  surface.  The  face  is  rapidly  carried  up, 
the  tree  being  hacked  more  frequently,  but  a  much  thinner  chip 
being  taken  off*  than  is  required  in  the  American  practice,  pre- 
serving all  the  time  about  the  same  w4dth  and  same  depth,  so  that 
at  the  end  of  five  years  it  has  reached  a  total  height  of  twelve  feet. 
From  one  to  ten  such  faces  are  put  on  the  pines,  according  to  their 
size  and  age,  and  whether  they  are  to  be  bled  to  death  (gemmage  a 
mort)y  in  which  event  the  timber  will  at  once  be  utilized,  or  bled  as 
long  as  the  tree  lives  and  an  abundant  flow^  of  turpentine  will  per- 
mit {gevimage  h  tie). 

These  faces  are  worked  only  five  years  and  then  the  tree  is  allowed 
to  rest  several  years  before  new  ones  are  put  in.  The  new  faces 
must  be  put  in  so  that  they  will  be  four  inches  from  any  other 
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faces,  in  order  that  not  enougli  of  the  inner  bark  and  sap-wood  will 
be  removed  at  one  time  to  kill  the  tree  or  seriously  injure  its  life. 

ADVANTAGES    OF    THE    FRENCH    SYSTEM. 

The  advantages  of  the  French  over  the  American  system  fall 
under  two  heads:  (I).  It  tends  more  to  protect  the  trees  and  pro- 
long their  activity.  (2).  It  gives  a  larger  yield,  raises  the  grade  of 
the  resinous  products  and  lessens  the  cost  of  )>roducing. 

RESULTS   AS  TO  THE  RELATIVE  STRENGTH   AND  VITALITY  OF  THE  TREES. 

Under  the  French  system  no  ** boxes"  are  cut  to  weaken  the 
trunk  and  make  it  liable  to  blow  down,  and  in  which,  sooner  or 
later,  rot  begins  and  finally  destroys  the  timber  value  of  the  stem. 
It  is  in  this  American  "box/'  too,  always  filled  or  covered  with 
inflammable  resin  while  the  face  is  being  worked,  that  fires  usually 
get  a  start  on  the  tree.  There  is  no  limit  to  the  number  of  new  sets 
of  narrow  French  faces  which  can  be  placed,  while  from  the  weak- 
ening caused  by  the  boxes  only  a  limited  number  of  sets  of  them 
can  be  cut.  There  are  trees  in  the  canton  of  Cormeau  (France) 
which  have  been  worked  for  more  than  200  years  and  show  over 
fifty  scars.  The  scars  of  the  narrow  faces,  although  they  may  be 
over  twice  as  numerous,  are  more  quickly  covered  over  by  the 
growth  of  new  wood  on  both  sides,  since  the  cambium  or  genera- 
tive tissue  just  under  the  bark  will  have  twice  as  many  surfaces 
from  which  to  develop.  This  enables  a  tree  to  more  quickly 
regain  its  lost  vitality,  upon  which  the  yield  of  resin  largely 
<lepends.  The  shallow  depth  which  the  faces  in  the  French  prac- 
tice are  cut,  only  one-third  of  an  inch,  does  not  injure  the  life 
process  so  much  as  the  deeper  cutting  practiced  in  America,  which 
injures  the  growth  of  the  tree  about  two-thirds,  as  is  shown  by  a 
comparison  of  the  thickness  of  individual  rings  of  growth  before 
and  after  boxing. 

The  purpose  the  French  management  has  in  view  is  to  both  i)re- 
serve  and  work  the  forests  intended  for  the  production  of  turpen- 
tine as  long  a  time  as  possible  without  serious  injury  to  the  trees, 
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since  it  is  a  matter  of  both  time  and  expense  to  grow  a  body  of 
pines  suitable  for  tapping. 

THE   YIELD    BY    THE    FRENCH    SYSTEM    L.\RGER    IN    QUANTITY    AND    BETTER    IN 

QUALITY. 

By  using  the  cup  for  collecting  the  turpentine  and  moving  it  up 
each  year,  to  that  it  will  be  just  below  the  freshly  hacked  surface, 
a  larger  quantity  of  purer  and  lighter  colored  dip  is  gotten  than 
would  be  possible  under  the  American  plan,  and  the  material  thus 
collected  corresponds  always  to  the  virgin  dip;  it  is  very  free  from 
bark  and  makes  an  exceedingly  high  grade  rosin.  Under  this 
arrangement  there  is  very  little  scrape,  the  surface  hacked  that 
season  being  all  that  has  scrape  on  it.  The  increased  production 
in  France  by  use  of  the  cup  method  amounted  to  four  pounds  of 
spirits  of  tur[)entine  and  seven  pounds  of  rosin  from  every  100 
pounds  of  crude  turpentine,  and  besides  there  were  no  chips  or 
trash  of  any  kind  in  the  crude  material.  The  spirits  of  turpen- 
tine manufactured  is  of  a  better  grade  than  that  made  from  crude 
turpentine  collected  by  the  old  method,  being  distilled  at  a  lower 
temperature  and  with  less  heat,  and  all  of  the  rosin,  except  a  small 
proportion  made  from  the  scrape,  is  of  a  high  grade. 

The  value  of  a  barrel  of  the  crude  turpentine  collected  by  the 
cups  is  about  one-fourth  greater  than  that  collected  by  the  former 
system.  By  the  cup  method  there  is  also  a  large  saving  in  labor, 
both  in  scraping  and  dipi)ing,  and  there  is  no  loss  of  turpentine  in 
dipping  from  a  box  to  a  bucket. 

RESULTS    OF    EXPERIMP:NTS    WITH    THE    FRENCH    SYSTEM    IN    NORTH 

CAROLINA. 

During  the  season  of  1894  a  trial  on  a  limited  scale  was  made 
to  test  the  merits  of  the  French  system  and  to  ascertain  by  its 
direct  application  to  the  long-leaf  pine  the  exact  increase  of  tur- 
pentine collected  by  it  above  that  yielded  by  the  American  practice. 

In  order  to  reduce  to  a  minimum  the  chance  of  errors  it  was 
decided  to  conduct  the  experiments  at  three  separate  stations  under 
direction  of  different  persons.  At  two  of  these  stations  the  tur- 
pentine was  to  be  gotten  from  second-year  boxes  and  at  the  third 
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Station  it  was  intended  to  begin  a  trial  with  first-year  or  virgin 
boxes  and  continue  the  work  here  for  several  consecutive  years  to 
ascertain  the  comparative  annual  yield. 

Unfortunately  in  one  set  of  the  experiments  with  second-year 
boxes  the  value  of  the  results  was  vitiated  by  reason  of  a  considerable 
loss  of  turpentine  from  the  receptacles'  overflowing.  The  results 
in  this  case  w-ill  not  be  considered.  Careful  and  conscientious 
attention  seems  to  have  been  given  the  third  set  by  the  person  in 
charge,  and  the  results  seem  to  be  of  sufficient  importance  to  be 
given  in  full.  The  superintendence  of  this  work  during  the  season 
was  in  charge  of  Mr.  Singletery,  of  Bladenboro,  N.  C,  and  it  was 
uear  this  village  that  the  experiment  was  conducted. 

The  pines  selected  for  tapping  were  in  a  grove  with  a  medium 
density  (about  seven),  and  had  an  average  circumference,  breast 
high,  of  six  feet  nine  inches.  These  were  by  no  means  the  largest 
trees  in  this  grove,  but  were  selected  on  account  of  their  vigor  and 
apparent  healthiness.  The  soil  was  fair,  being  a  moist  siindy  loam. 
The  forest  floor  was  poor,  being  covered  M'ith  a  heavy  growth  of 
wire-grass,  broom  grass  and  low  huckleberries.  This  strip  had  not 
been  burnt  in  several  years,  and  since  the  locality  was  isolated, 
being  located  in  the  neck  of  a  small  swamp,  there  was  little  likeli- 
hood that  a  fire  would  interfere  in  any  way  with  the  carrying  out 
of  the  experiment.  Boxes,  usually  two  to  a  tree,  had  been  cut  in 
these  trees  in  the  previous  spring  and  the  trees  '* worked"  for  one 
season  (1893),  so  that  there  were  faces  twenty  inches  in  height  on 
each  tree.  Those  faces  were  from  thirteen  to  fifteen  indues  broad. 
Six  of  these  old  boxes,  with  nearly  southerly  asj)ects  and  with  faces 
unshaded  by  surrounding  shrubs,  were  chosen  as  suitnble  for  our 
purpose.  Above  each  of  these  old  faces  two  narrower  faces  (each 
six  inches  broad)  were  begun  side  by  side.  This  method  of  placing 
the  narrow  faces  gave  each  pair  of  them  nearly  the  same  aspect, 
and  since,  so  far  as  could  be  seen,  they  were  under  similar  con- 
ditions and  of  the  same  breadth,  the  amount  of  resin  which  flowed 
from  each  should  have  been  the  same.  Six  pairs  of  these  narrow 
contiguous  faces  were  begun  above  the  broad  ones  on  as  many 
different  trees,  care  being  always  taken  that  both  narrow  faces  of 
any  one  pair  were  of  the  same  breadth. 
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The  surface  of  one  nnrrow  face  of  each  pair  was  continuous  with 
the  surface  of  the  face  below,  which  was  hacked  during  1893,  and 
the  turpentine  which  exuded  from  the  freshly  chipped  surface  of 
this  narrow  face  was  allowed  to  run  down  the* entire  surface  of  the 
old  face  into  the  box  cut  at  the  foot  of  the  tree. 

Across  the  base  of  the  other  iiarrow  face,  which  began  at  the 
upper  edge  of  the  old  face,  a  metal  gutter  was  driven  into  the 
wood.  This  gutter  turned  the  turpentine  into  a  metal  cup  whicli 
hung  on  a  staple  beneath  it.  Chipping  was  begun  on  these 
faces  April  20th.  Both  of  these  narrow  faces  were  hacked  at  the 
same  time  and  the  same  number  of  chips  were  taken  from  each 
face,  so  that  the  length  of  both  faces  was  kept  e(iual.  Both  the 
metal  receptacles  and  the  boxes  were  emptied  six  times  during  the 
running  season.  The  turpentine  taken  from  the  boxes  was  such 
yellow  dip  as  is  commonly  collected  from  second-year  boxes.  The 
grade  of  the  turpentine  collected  in  the  metal  cups  was  virgin 
dip,  exceedingly  free  from  bark,  leaves  and  chips.  It  will  be 
understood,  from  the  fact  that  each  of  the  narrow  faces  had  a 
breadth  of  only  six  inches,  that  from  the  six  faces  in  either  set 
there  should  have  exuded  onh'  about  as  much  turpentine  as  is 
usually  collected  from  three  of  the  large-size  faces,  fourteen  inches 
broad. 

The  net  weight  of  the  turpentine  collected  by  all  of  these  boxes 
was  21  pounds;  the  net  weight  of  that  collected  by  the  cups  was 
24  pounds  and  a  few  ounces;  that  is,  by  the  use  of  the  cups 
there  was  a  gain  of  one-seventh  in  the  weight  of  the  dip  collected ; 
or  had  the  faces  been  as  broad  as  they  are  usually  made  there  would 
have  been  during  the  summer  a  gain  of  one  pound  to  each  face. 
The  yield  of  7  pounds  to  a  box  from  these  picked  trees  is  about 
one-fifth  more  than  the  average  yield,  which  is  only  between  5.5 
and  6  pounds  to  a  second-year  box.  However,  this  is  immaterial. 
What  we  are  after  is  the  })ercentage  of  the  increased  yield  collected 
in  the  metal  cups  above  that  of  the  boxes.  This  increase  was 
about  15  per  cent,  in  favor  of  the  cups.  The  application  of  this 
to  a  crop  of  turpentine  would  mean  considerable  aggregate  gain 
and  would  show  more  clearly  how  large  the  gain  really  is. 

Working  out  the  increased  yield  on  this  basis,  i,  e.,  one  pound 
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to  each  box,  there  would  be  a  gain  of  10,000  pounds  of  dip  to  a 
crop  of  10,000  boxes,  or  a  gain  of  35.8  barrels  of  dip  above  the 
250  barrels  which  10,000  boxes  w-ould  have  produced  had  each 
box  yielded  7  pounds;  or  there  would  be  gotten,  instead  of  the 
250  barrels  of  yellow  dip  from  the  boxes,  285.8  barrels  of  virgin 
dip  by  use  of  the  cups.  The  difference  in  the  amount  of  scrape 
yielded  by  the  two  systems  was  not  near  so  large  as  the  difference 
in  the  amount  of  dip.  This  difference,  of  course,  was  in  favor  of 
the  boxes  and  amounted  to  less  than  two  pounds  from  all  six  of 
the  boxes.  This  loss  of  a  pound  or  more  was  due  to  the  loss  of 
volatile  oil  by  evaporation  and  loss  of  scrape  which  hardened  on 
the  old  faces.  This  difference  in  favor  of  the  boxes  would  amount 
in  a  crop  to  nearly  23.5  barrels  of  scrape. 

The  advantage  in  favor  of  the  cups,  however,  lays  not  only  in 
the  increased  yield  in  pounds  of  turpentine,  but  also  in  the  higher 
grade  of  product  obtained  by  the  cups.  The  value  of  the  entire 
yield  of  a  crop  of  10,000  boxes  as  determined  above  wpuld  amount, 
at  present  prices,  to  about  one-fifth  more  if  collected  by  the  cup 
than  if  collected  in  the  boxes.  This  difference  in  value  would  be 
distributed  as  follows : 

Value  of  285.8  barrels  of  virgin  dip  at  $1.70  per  barrel,  $  485  00 

Value  of  250  barrels  of  yellow  dip  at  $1.50  per  barrel $  :J75  00 

And  value  of  larger  yield  of  23.5  barrels  of  ncrape  at 
$1.10  per  barrel 26  00      401  00 

DiflTerence  in  favor  of  cupH $    84  00 

There  is  an  increase  in  value  amounting  to  $84,  or  over  20  per 
cent,  gain,  even  when  the  cups  are  substituted  in  the  j)lace  of 
second-year  boxes,  and  the  rate  of  increase  in  value  of  products 
becomes  larger  each  succeeding  year. 

As  in  the  other  experiment  both  cups  and  boxes  were  tried  on 
iirst-year  faces,  of  the  same  length,  no  difference  is  expected  in  the 
result  in  favor  of  either  system.  It  was  intended,  when  this  experi- 
ment was  begun,  to  move  the  cups,  at  the  middle  of  the  season, 
up  to  the  top  of  the  face  which  had  at  that  time  been  chipped. 
This  should  have  yielded,  in  the  cups,  a  slightly  larger  amount  of 
dip  turpentine  than  was  collected  in  the  boxes,  and  the  grade  of 
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that  in  the  cups  should  have  been  higher,  since  the  dip  turpentine 
collected  from  first-year  boxes  is  usually  classed  as  yellow  dip  for 
the  last  dippings  of  the  season. 

It  is  expected  that  these  experiments  will  be  continued  next  season 
(1895)  on  a  larger  and  even  commercial  scale  to  make  a  further  test 
of  their  adaptabilit\\  This  will  include  a  test  of  the  cheapest  and 
most  serviceable  collecting  cups,  the  best  breadth  to  make  the  faces, 
and  a  trial  of  different  materials  for  making  gutters  to  ascertain 
their  durability  and  strength.  The  use  of  materials  with  mini- 
mum cost  and  maximum  utility  will  of  course  determine  the  com- 
mercial practicability  of  the  system  and  it  is  these  subjects  which 
it  is  hoped  will  be  thoroughly  investigated  during  the  next  year. 

The  incomplete  results  from  another  experimental  trial,  in  which 
the  cups,  on  first-year  faces,  were,  at  the  middle  of  the  season, 
moved  up  so  as  to  be  at  the  top  of  the  face  which  had  so  far  been 
cut,  show  a  gain  in  the  number  of  pounds  of  dip  collected  even 
larger  than  that  obtained  in  the  preceding  trial.  As  no  scrape  was 
collected  in  this  trial,  from  a  misunderstanding  with  the  person  in 
charge,  the  weight  of  the  scrape  cannot  be  included.  It  can  be 
said,  however,  that  there  was  a  large  difference  in  the  amount  of 
scrape  on  the  two  sets  of  faces,  much  the  larger  amount  of  scrape 
having  settled  on  the  faces  with  boxes. 

There  were  twelve  faces  in  each  set,  the  arrangements  being 
similar  to  those  stated  in  the  above  experiment,  except  that  these 
faces  were  broader — from  7  to  7  J  inches — jind  instead  of  the  faces 
being  cut  in  pairs,  one  of  each  kind,  they  were  placed  two  on  each 
tree  without  regard  to  their  aspect.  The  net  weight  of  the  tur- 
pentine collected  from  the  twelve  boxes  was  oOJ  pounds,  and  the 
weight  of  that  collected  from  the  cups  was  59  pounds,  which  gives 
a  net  yield  in  favor  of  the  cups  of  81  pounds,  or  a  gain  of  over 
16  per  cent.  No  difference  in  the  grades  was  noticed  in  the  tur- 
j)entine,  both  being  classed  as  virgin  dip. 

COST    OF    ADOPTING    THE    FRENCH    SYSTEM. 

The  cost  of  the  change  from  the  old  French  method  to  the  mod- 
ern Hugues  system  was  stated  by  Desnoyers  (chief  forest  guard  of 
the  national  forests  of  France)  to  be  about  one  cent  a  year  for  each 


THE    FRENCH    SYSTEM    APPLIED    IN    NOKTH    CAROLINA.  10") 

tree.  To  change  from  the  American  to  the  Ilugues  system  it  would 
not  cost  that  much,  for  the  cutting  and  cornering  of  the  boxes, 
allowing  two  boxes  to  a  tree  and  1.4  cents  for  the  cost  of  each  box, 
amounts  to  nearly  three  cents  for  each  tree  the  first  year;  and  by 
the  American  practice  one-fourth  of  the  total  yield  of  turpentine 
for  six  yeai's  is  obtained  during  tlie  first  year.  In  the  French 
orchards,  on  the  other  hand,  the  yield  is  very  nearly  the  same  for 
each  year.  The  cups,  which  are  made  of  glazed  earthenware,  have 
a  hole  near  the  upper  rim  which  can  be  slipped  over  a  hook  or 
stixple  driven  in  the  tree.  Thick  galvanized  iron  makes  better 
gutters  than  zinc,  as  the  former  stands  driving  better  and  is  much 
less  injured  by  atmospheric  infiuences.  It  is  cut  in  strips  four 
inches  long  and  one  and  one-half  inches  wide,  one  of  the  longer 
sides  being  cut  obliquely  to  the  surface  so  that  it  can  be  easily  driven 
into  the  saj>wood  of  the  pine. 

The  above-mentioned  facts  concerning  the  tapping  of  the  pine 
in  France  are  taken  from  Samano's  Treatise  on  the  Culture  of  the 
Maritime  Pine;  Desnoyers'  Tapping  of  the  Maritime  Pine;  Prof.  L. 
Boppe's  Forentry,  and  The  Naval  Store  Industry  in  the  Report  of  the 
(*hief  of  the  Division  of  Forestry  in  the  U.  S.  Department  of  Agri- 
culture for  1892.  This  last  mentioned  j)ublication  luis  a  very  clear 
and  concise  account  of  the  different  methods  of  tapping,  with  the 
advantiiges  and  disadvantages  of  the  different  systems,  and  is  well 
illustrated.  It  can  probably  be  obtained  free  of  charge  by  any  one 
desiring  to  know  more  of  the  merits  of  the  Ilugues  system  and  the 
condition  of  the  naval  store  industry  in  other  parts  of  the  Tnited 
States  and  in  foreign  countries. 


CHAPTER  IV. 

THE  LUMBER  INDUSTRY  IN  EAkSTERN  NORTH 
CAROLINA. 

HISTORICAL    SKETCH. 

Until  within  the  past  two  decades  the  production  of  lumber  in 
eastern  North  CaroHna,  except  for  local  use,  had  been  small,  owing 
to  the  great  distance  from  general  markets  and  the  limited  demand 
for  the  hard  pines.  Wilmington,  as  early  as  the  middle  of  the 
last  century,  had  considerable  trade  in  long-leaf  pine  lumber  with 
the  West  Indies  and  England,  and  this  trade  continued  in  a  lim- 
ited way  until  the  first  part  of  the  prcvsent  century,  when  with  the 
use  of  steam  in  sawing  the  output  was  largely  increased.  Mr. 
James  Sprunt,  in  his  *^ Information  Concerning  Wilmington,  N.  C," 
says  that  the  first  steam  saw-mill  established  in  Wilmington  was 
erected  on  the  western  side  of  the  Cape  Fear  river  by  a  person 
named  Ma/erretti  in  the  year  1818. 

For  a  great  many  years  after  this  Wilmington  had  a  large  and 
growing  trade  in  lumber  with  the  West  Indies,  but  of  late  years 
the  competition  of  Savannah,  Mobile  and  Pensacola,  which  are 
much  nearer  to  these  islands,  has  prevented  any  farther  expansion 
of  the  industry  in  that  direction.  W^ihnington  has  always  had  a 
large  trade  in  lumber  with  the  Middle  and  New  England  States, 
where  the  long-leaf  pine  has  been  largely  used  in  ship-building,  etc. 

In  the  last  few  years,  owing  to  the  increa.sed  demand  for  Southern 
hard  pine,  the  number  and  capacity  of  the  mills  at  Wilmington 
have  been  more  than  doubled.  The  logs  for  supplying  this  demand 
come  from  the  counties  along  the  Cape  Fear,  Black  and  North  East 
rivers  and  their  tributaries,  along  which  lie  well-timbered  cypress, 
long-leaf  pine  and  loblolly  pine  lands.  The  territory  drained  by 
these  streams  is  about  o,000  square  miles,  over  one-fourth  of  which 
area  is  timbered  with  long-leaf  pine  that  can  be  floated  to  Wil- 
mington. 

As  early  as  1830  both  New^bern  and  W^ashington  had  large  trades 
in  long-leaf  pine  lumber  with  foreign  ports,  mostly  in  the  West 
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ladies.  By  1860,  however,  owing  to  the  exhaustion  of  tl)e  long- 
leaf  pine  in  these  sections,  their  trade  had  ceased,  and  since  that 
time  these  points  have  become  centers  for  the  production  of  lob- 
lolly pine  lumber. 

Loblolly  Pine  in  the  Timber  Market. — As  the  supply  of 
long-leaf  pine  became  exhausted  north  of  the  Neuse  river  other 
pines  were  used  in  its  {)lace,  the  short-leaf  pine  being  the  next  used 
and  then  the  loblolly.  In  many  sections  these  latter  have  always 
been  the  only  pines  available  for  building  materials. 

It  is  only  within  the  past  thirty  years,  however,  that  the  loblolly 
piue  has  entered  the  general  market  in  the  form  of  lumber,  being 
debarred,  previous  to  that  time,  because  of  the  fact  that  so  large  a 
proportion  of  it  is  sap  wood.  If  used  where  exposed  to  the  weather 
it  decayed  rapidly,  and  when  used  for  interior  work  had  to  be 
painted,  since  it  *' blued"  badly.  The  introduction  of  dry  kilns, 
which  enabled  the  sap  to  be  thoroughly  driven  from  the  timber 
and  the  Avood  perfectly  dried,  has  given  it  a  wide  range  of  uses. 
Now  there  is  a  steady  demand  for  it,  as  it  is  extensively  used  for 
flooring,  ceiling  and  other  interior  wood-work,  and  also  for  exterior 
work,  for  which  latter  use  it  is  suitable  only  when  thoroughly  dried 
and  painted.  In  the  Northeastern  States  it  is  being  used  as  a  sub- 
stitute for  white  pine  and  spruce,  and  as  the  better  grades  of  these 
become  scarcer  and  consequently  more  valuable  the  demand  there 
for  loblolly  pine  lumber  increases  and  the  uses  to  which  it  is  put 
become  more  varied. 

Since  this  is  the  chief  timber  tree  over  a  large  part  of  the  State,  it 
has  been  used  for  many  years,  in  the  section  where  it  is  the 
only  pine,  for  building  and  fencing  material.  For  these  domestic 
uses  only  the  largest  stocks,  and  those  with  the  most  heart,  were 
.selected.  For  the  manufacture  of  kiln-dried  flooring  and  ceiling, 
however,  those  trees  are  preferred  which. have  the  least  heart,  since 
the  sap  wood  furnishes  a  lumber  more  uniform  in  quality  and  color 
than  the  heart.  Lumber  made  from  the  sap  wood  is  also  lighter 
than  that  from  heart  wood  and  the  cost  of  transportation  is  less. 
It  is  marked  in  the  New  P]ngland  and  Middle  States  where  it  is 
m\d  under  the  name  of  *' North  Carolina  pine,"  "North  Carolina 
s{ip  pine,"  or  "North  Carolina  kiln-dried  pine." 
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There  has  been  a  considerable  increase  in  the  value  of  loblolly- 
pine  stumpage  since  it  has  entered  the  general  lumber  market. 
Twenty  years  ago  loblolly  lands  ranged  in  value  from  50  cents  to 
$1  per  acre,  according  to  situation  in  relation  to  transportation 
facilities  and  density  of  growth.  Land  similarly  situated  and 
timbered  now  sells  from  $1  to  $5  an  acre.  Original  growth  lob- 
lolly lands  will  cut  from  3,500  to  6,000  feet,  board  measure,  to  the 
acre;  second  growth  from  a  third  to  a  half  less. 

STATISTICS    OF    THE    LUMBER    INDUSTRY. 

The  statistics  for  this  report  on  the  saw-mill  and  forest  industries 
of  eastern  North  Carolina  were  collected  in  connection  with  an 
investigation  of  the  timber  lands  of  this  section,  which  has  just 
been  completed.  It  is  intended  more  to  show  the  condition  of  the 
various  branches  of  the  lumber  and  allied  industries,  in  respect  to 
output  and  supply,  than  to  give  a  general  treatment  of  the  different 
departments  of  the  aggregated  interests.  In  this  connection  there 
are  but  imperfect  statistics  for  comparison,  these  being  chieHy  esti- 
mates prepared  for  lumber  journals. 

The  area  treated  of  embraces  forty-three  counties,  which  constitute 
the  original  '* long-leaf  pine  belt"  of  North  Carolina  and  to  which^ 
according  to  the  V.  S.  Census  of  1880,  four-fifths  of  the  milling 
interests  of  the  State  were  at  that  time  confined.  In  this  enumera- 
tion are  contained  the  products  of  all  saw-mills  and  planing-mills^ 
whether  operated  in  connection  with  saw-mills  or  as  distinct  estab- 
lishments, excepting  entirely  local  planing-mills  and  door,  sash 
and  blind  factories  connected  with  these  or  distinct.  There  are  in 
this  section  ten  such  local  planing-mills  and  blind  factories,  which 
have  an  output  with  an  estimated  value  of  between  $100,000  and 
$250,000  per  annum.  In  spite  of  the  fact  that  the  latter  half  of 
the  year  1893  was  an  era  of  business  depression,  and  consequently 
there  was  a  curtailed  output,  there  is  a  marked  increase  shown  in 
the  value  of  the  output  of  1893  over  that  of  both  1890  and  1880, 
according  to  the  census  reports  for  those  years. 

The  value  of  rough  and  remanufactured  lumber,  including 
shingles,  produced  in  this  '4ong-leaf  pine  belt"  of  North  Carolina 
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for  the  year  ending  December  31,  1893,  was  about  $4,559,000. 
For  the  census  year  1880  it  was  $1,340,000,  and  for  the  census 
year  1890  it  was,  for  the  entire  State,  $5,767,687. 

The  output  for  1893  came  from  323  lumber-mills,  including 
shingle-mills,  with  an  aggregate  capital  of  $4,690,000.  The  capital 
reported  by  the  census,  for  the  entire  State,  in  1890  was  $5,319,- 
500,  invested  in  688  establishments. 

The  caj)ital  engaged  respectively  in  the  manufacture  of  shingles 
and  board  cannot  be  separated,  since  the  manufacture  of  shingles 
is  largely  engaged  in  by  mills  producing  other  lumber  products. 
The  number  of  mills  engaged  in  the  manufacture  of  lumber  was 
281,  with  an  output  in  1893  of  455,865,000  feet,  board  measure, 
valued  at  about  $3,745,000.  The  number  of  shingle-mills  was  65 
(42  exclusively  shingle-mills),  with  an  output  of  166,180,000 
.shingles,  valued  at  about  $813,280. 

OUTPUT  OF  LUMBER  AND  SHINGLES. 

The  output  of  lumber  and  shingles  and  the  capacity  of  the  lum- 
ber and  shingle-raills  in  operation  in  each  county  for  the  year 
ending  December  31,  1893,  was  as  follows: 
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Output  of  Lumber  and  Shlnglef^^  Etuttrn  Xorth  (^iroUiMy  189S, 


Lumber. 


Shin(jles. 


Counties. 


*o  S     Out{)ut  in 


Yearly  ca- 


189,S,infeet'    P^^'K^'l" 


board 
measure. 


Bladen 

Bertie 

Beaufort 

Brunswick  

Camden 

Carteret 

Chowan 

Cmven 

Columbus 

Cumberland.... 

tCurrituck  

Dare 

Duplin 

P'dgecombe 

(fates 

(Ireen 

Halifax 

Harnett 

Hertford 

Hyde 

Johnston 

Jones 

Ijenoir 

Martin 

Montgomery... 

Moore 

^Xash 

New  Hanover 
Northampton.. 

Onslow 

Pamlico 

Pascjuotank 

Perquimans  ... 

Pitt 

Pender 

Robeson 

Richmond 

Sampson  

Tvrrell 

\Va8hington  ... 

Wake 

Wayne 

Wilson 


o  I 

7  I 

13  I 

j! 

3 

0  ! 
i() 

^  I 

10 


2,800,000 

1,940,000 

28,350,000 

*2,000,000 

4,500,000 

6,700,000 

24,400,000 

40,700,000 

13,400,000 

10,500,000 


i  1893,  in  feet, 

board 

measure. 

5,400,000  !' 

5,000,000  II 

:J5,000,000  I 
3,500,000 

(),000,000  , 

8,000,000  ' 

:io,ooo,ooo 

53,500,000  I 
24,000,000  ! 
18,000,000 


Output  in 
in  1893. 


3,500,000 
3,000,000 
4,000,000 


1,300,000 


3,000,000 
12,300,000 
15,100,000 


o 

(I  ' 
9 

iS  \ 

11  I 
5  I 
5  ' 
4 
5 

7 

5  I 
13  I 
10  ' 

V 

«  I 

5  ' 

3  I 
7  I 
13 
6 

10 : 

5  I 

12  I 

V 

3 
(> 
9 
<»  ' 

3  ! 


*2,000,000 

1,800,000 

*2,850,000 

2,700,000 

2,300,000 

*8.000,000 

0,800,000 

3,800,000 

(}.900,00i) 

*7,<300,000 

2,200,000 

20,300,000 

19,500,000 

2,300,000 

32,320,000 

3,550,000 

36,000,000 

*5,800,000 

14,500,000 

11,700,000 

22,500,000 

4,900,000 

7,000,000 

<K)0,000 

14,700,000 

12,000,000 

1,670,000 

4,500,000 

:w,500,ooo 

6,000,000 
8,(K)0,000 
1,500,000 


4,005,000 
3,000.000 
4,000,000 
4,500,000 
5,000,000 
14,000,000 
8,500,000 

"loVoooiboo 

13,000,000 

3,000,000 
25,000,000 
30,000,000 

3,000,000 
49,000,000 

4,800,000 
48,000,000 

8,000,000 
16,000,000 
15,800,000 
30,000,000 

7,000,000 
10,000,000 

1,500,000 
18,300,000 
17,500,000 

3,800,000 

6,000,000 
40,000,000 
10,000,000 
10,000,000 

2,800,000 


6,000,000 


1,500,000 

780,010 

1,500,000 


2,500,000 
3,000,000 


Yearly 

capacity  in 

shingles, 

1893. 


5,000,000 
5,000,000 
6,000,000 


4,000,000 


4,500,000 
15,800,000 
25,000,000 


10,000,000 


3,500,000 
1,(KX),000 
2,200,000 


4,500,000 
4,0(X),000 


3,700,000 

2,000,000 

8,200,000 

13,000,000 

15,000,000 

19,000,000 

1,1H)0,000 

4,700,000 

1,500,000 

1,500,000 

3,000,000 

800,000 

23,000,000 

19,500,000 

3,(K)0,000 

3,mx),ooo 

3,000,000 

4,500,000 

3,300,000 

4,800,000 

4,000,000 

7,000,000 

1,700,000 

3,300,000 

400,000 

950,000 

7,(X)0,000 

9,000,000 

27,200,000 

32,000,000 

2,000,000 

2,800,000 

300,000 

1,800,000 

Totals 323     452,880,000  i  625,000,000  !:i59,180,000     208,15^,000 


The  figures  show  the  quantity  of  lumber  manufactured  in  each  county  rather  than  the  amount 
cut  in  each.  In  some  cases  logs  were  carried  to  large  mills  from  several  adjoining  counties,  and 
are  here  credited  to  counties  where  sawn. 

•Partly  estimates  made  by  lumbermen.  fNo  reports  made.  J  Mills  destroyed  before  the  end  of 
the  year.     ?  Reports  incomplete. 
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The  output  is  at  least  one-tenth  less  than  it  would  have  been 
iimler  normal  trade  conditions,  since  107  mills,  with  an  output  of 
230,000,000  feet,  board  measure,  reported  an  average  idleness  of 
seven  weeks.  Many  mills  also  that  did  not  shut  down  consider- 
ably reduced  their  output  during  a  part  of  the  year.  The  unprece- 
dented freeze  during  the  month  of  January,  1893,  caused  many 
mills  dependent  upon  the  water-courses  for  their  supply  or  opera- 
tion to  shut  down  for  several  weeks.  The  output  would  otherwise 
have  been  over  500,000,000  feet. 

In  the  preceding  statement  the  output  for  the  respective  counties 
<loes  not  necessarily  mean  that  the  timber  was  produced  in  them, 
but  merely  that  it  was  manufactured  in  these  counties.  Camden, 
Chowan  and  Perquimans  counties  now  produce  but  a  small  pro- 
portion of  the  timber  manufactured  in  them ;  it  comes  from  Bertie, 
up  the  Chowan  river,  and  the  counties  lying  on  the  southern  side 
of  Albemarle  sound. 

The  proportion  of  timber  produced  by  individual  counties  is 
more  nearly  represented  by  a  subsequent  table  showing  the  amounts 
of  timber  and  timbered  lands  held  by  logging  and  milling  com- 
panies in  each  county,  though  there  are  given  no  actual  figures  of 
the  production  of  timber  by  counties.  There  are  only  a  few  towns 
in  the  State  which  have  a  large  annual  output,  the  mills  in  gen- 
eral being  scattered  through  the  timbered  districts. 

The  relative  rank,  capital  invested,  yearly  caj)acitv,  output  and 
value  of  output  of  the  three  producing  points,  for  1893,  were  as 
follows : 

(hpUal,  (hiipnt,  dr.^  at  Different  Lumber  Marketx  in  Eautern  Snrth  <\ir{diun^  hSOJ. 


X  J:  ^-  Output  for  ! 

T..«-v^c,                  •    C-^c  /i„.;foi     I  1W»'^,  feet,  I  Vimrlv  ca-  iValueofout 

TouNs.               ^   ;^2  I  Capita!.   i^^^^(  ^^^^^^J  p^^.f^^,       |   ^^^^^  ^^^.^ 

'  JS   ^P*^  '        ure.  I 


Wilmington I     1  '       8        fi5.S0,000*    3(5,000,0(K)   ,   48,000,000   I     $425,000t 

Newbernt i     2         9  385,000      :m,000,000   '    51,000,000   !       :550,(K)0 

WaahinKton |    3  I       7     ^     1(>%000      21,000,000   |   27,000,000   !       188,(KX) 

•Xot  full,  partly  based  on  a  bulletin  of  the  U.  S.  Census  of  1890. 
tPartly  taken  from  the  custom-house  records  of  Wilmington. 
>Inclades  James  City,  a  village  on  the  opposite  side  of  the  Trent  river. 
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The  apparent  disproportion  between  capital  and  value  of  output 
in  the  various  statements  is  due  to  the  different  extent  to  whicli 
reman ufactu ring  is  carried  at  different  places.  Wilmington,  too, 
largely  increased  during  1S93  the  capital  engaged  therein  milling, 
but  not  sufHciently  early  in  the  year  to  incrc^ase  the  output  in  like 
ratio.  The  output  of  no  shingle-mills  or  remanufacturing  establish- 
ments except  such  as  are  connected  with  lumber-mills  is  included 
in  the  above.  Elizabeth  City  and  Ivlcnton,  with  twelve  mills,  had 
a  combined  output  of  :58,00(),O()0  feet,  board  measure,  and  21 ,000,000 
shingles.  The  shingles  made  in  these  places  were  largely  from 
juniper  or  white  cedar;  the  lumber  was  chiefly  made  from  the  lob- 
lolly pine.  All  except  a  small  part  of  the  output  of  Wilmington 
was  from  long-leaf  pine,  that  of  Newbern  and  Washington  was 
largely  loblolly  pine,  less  than  five  per  cent,  being  long-leaf.  The 
Aberdeen  district  in  Moore  county,  and  the  western  part  of  Cum- 
berland county  produced  in  1S93  over  ;n  ,000,000  feet  of  long-leaf 
pine. 

LUMBER  PRODUCT   FROM    DIFFERENT  SPECIES  OF  TREES. 

The  output  in  eastern  North  Carolina,  189:J,  of  lumber  and 
shingles  was  distributed  according  to  kind  of  tree  as  follows: 

Lmnbcr  Product  from  Ditf'fnnt  KimU  of  Trees,  1893. 


Lumber,  thou-  i 
Kind  of  Timber.  eand  feet,       |    Sliingles. 


board  measure. 


Ix)blollv  pine* 288,01)0        | 

Long-leaf  pine '  148,600  j      10,;W0,000 

Cypress 0,275  '   '111,680,000 

Juniper  (white  cedar) 6,300  44,200,000 

Ash .''^OOO         

Yellow  po|)larJ;^ .....^ 2,400         il'—-- 

*The  savnnna  and  short-leaf  pine  were  sawn  alon"^  with  the  loblolly  and  not  distinguished  from 
it,  so  there  was  no  way  of  getting  any  accurate  information  at>out  the  quantity  of  these  that  was 
sawn.  The  savanna  pine  formed  a  large  part  ofthe  material  sawn  at  some  mills  in  the  extreme  east, 
but  there  was  no  appreciable  amount  of  short-leaf  pine  sawn  except  along  the  western  boundary 
of  the  pine  belt.  Loblolly  pine  was  reported  as  being  sawn  in  thirty-three  counties,  and  in  twenty 
of  these  no  long-leaf  pine  w^as  sawn.  Long-leaf  pine  was  sawn  in  twenty-one  counties  and  entirely 
sawn  to  the  exclusion  of  the  loblolly  pine  in  six  counties.  The  counties  which  produced  the  mast  lob- 
lolly pine  were  Beaufort,  Bertie,  Columbus.  Craven,  Dare,  Gates,  Halifax,  Hertford,  Jones,  Lenoir. 
Martin,  Onslow.  Perquimans  and  Washington.  Those  which  produced  the  most  long-leaf  pine 
were  Cumberland.  Moore,  Richmond.  Sampson  and  Robeson  counties. 

flncluding  small  quantities  of  persimmon,  sweet-gum,  oak  and  dogwood. 
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Of  the  above  amounts  of  lumber  sawn  there  were  1:^8,420,000 
feet  remanufactured  at  the  mills,  of  which  101,420,000  feet  were  of 
loblolly  pine  and  37,000,000  feet  were  long-leaf  pine.  Besides  this 
it  is  estimated  that  there  were  45,000,000  feet  of  both  kinds  remanu- 
factured at  separate  establishments  in  Moore,  Richmond  and  Per- 
quimans counties. 

The  amount  of  lumber  used  locally,  including  that  shipped  to 
other  points  in  North  Carolina,  was  79,200,000  feet,  of  which 
52,000,000  feet  was  long-leaf  pine  lumber.  It  seems  that  long-leaf 
pine  lumber  is  much  more  widely  used  in  the  State  than  that  made 
from  the  loblolly  pine.  This  is  because  the  long-leaf  pine  timber 
last^i  so  much  longer  than  that  of  other  pines  when  used  in  exposed 
situations,  as  is  generally  the  case  in  this  State.  Most  of  the  lob- 
lolly pine  used  in  North  Carolina  is  sawn  in  the  counties  where  it  is 
used.  What  is  exported  goes  to  the  Nortlieastern  States,  about  the 
same  amount  going  by  rail  as  by  water.  The  long-leaf  pine  lum- 
ber, except  that  from  Wilmington,  goes  to  Virginia,  Pennsylvania, 
and  other  interior  States.  That  from  Wilmington  goes  to  coast- 
wise ports  and  to  the  West  Indies. 

LUMBER  SHIPMENTS   FROM   WILMINGTON. 

The  total  shipments  of  lumber,  the  foreign  exports  and  the  value 
of  the  latter,  from  Wilmington  for  the  years  187:5,  1883  and  each 
year  of  the  past  decade  were  as  follows: 

Qnantitif  and  Vdlue  of  LnmhtT  Shipped  from  WUmiufjtoti,  Ifi7'i-9S, 


I 


♦Total 


fTotal  for-l  .  v„i., ,  ^r  '     ^Total     fTotal  for-j .  v„i„^  ^r 

\      ship.         eign  ex-  |  ^)^}T  f ,  i      «hip-      |  ei^n  ex-  ^^,^}^t«f 

Yea  It.  I  men  ts  of  I    ports  of       '?!rJf"|.  Yeah.     nuMits  of     j>ort8  of    J^J^ig,",-. 

lumber,       Imnber,  '^^'17^  lumber.       lumber,    ^^^l}^^^ 

'feet,  b.  m.Teet,  b.  m.     ^'''''^^'  feet,  b.  m.lfeet.  b.  m    ^"'"^'• 


IH73  119,517,768     6,920,171  $ 18H8  41,()«i7,(i86  ,1:5,019,000  $190,681 

1883  !40,281.158     9,074,077' '  1889  ;J6, 679,  oO^)  10,695,000     172,487 

1884  137,076,042  15,319,000      232,537  1890  40,289,205  '13,824,000     212,094 

1885  35,956,829  .14,912,000  |  238,983  1891  '40.0(w,567  17,532,000  287,448 
1880  39,512,249  9,053,000  145,908  1892  29,580,  KK)  12,224,000  174,446 
1887  1 11,190,000      174,121      i  1893  25,874, JiJl  '13,244,000  i  175,699 


•From  the  records  of  the  Wihnington  Board  of  Trade.  For  the  compilation  of  these  fig^ures  and 
others  obtained  from  these  records  the  Survey  is  indebted  to  Col.  J.  L.  Cantwell,  Secretary  of  the 
Wilmington  Board  of  Trade.    These  figures  indicate  the  nnmlier  of  feet  in  board  measure. 

fFrom  the  custom-house  records. 
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PRODUCTION  AND   EXPORT  OF  SHINGLBS. 

The  greater  part  of  the  sawn  cypress  shingles,  and  all  of  the 
first-class  white  cedar  (juniper)  shingles  manufactured  in  the  State, 
have  been  exported.  The  greater  part  of  the  pine  shingles  have 
been  used  locally.  Wilmington  was  the  only  point  in  the  State 
that  has  shipped  any  shingles  to  foreign  ports.  It  also  had  a  large 
domestic  trade.  The  total  exports  of  shingles  from  Wilmington, 
the  foreign  exports,  and  the  value  of  the  foreign  exports  for  the 
years  1873,  1883,  and  each  year  of  tlie  past  decade  are  shown  by 
the  following  table: 

QiUXiUitij  and  Vultw  of  Shingles  Exported  from  WHmin0on,  187S-9.i. 

YB.H.  Total  Ex,x,rt«.       "^^^^^^^^    Foreign  Export.  ^Jf^^Vx^rr 

1873        fJ,338,83«       3,960,580       2,378,256    $ 

1883  (),():{5,851       4,748,951       1,880,900    

1884  10,140,707       6,510,707       3,r»30,000       18,936 

1885  7,191,335  3,894,335  3,2^>7,000  I         18,936 

1886  9,2fi5,560  7,677,560  1,589,000  '  8,749 

1887  5,726,453  3,49V),453  2,227,000  11,750 

1888  6,663,950  2,622,950  4,041,000  21,125 

1889  7,316,912  3,593,912  3,723,000  17,94<i 

1890  8,935,064  5,305,0(>4  3,(«0,000  19,249 

1891  5,958,520  3,732,520  2.226,000  12,930 

1892  10,274,329                7,358,32?)                2,916,000                 15,519 
J^93 18,167,500        ,        (v514,500         I        1^S53^(X)0 9,806 

Much  the  larger  part  of  the  shingles  shipped  from  Wilmington 
are  hand-drawn  or  rived  cypress  shingles.  These  are  made  entirely 
in  the  surrounding  counties,  especially  those  along  the  Cape  Fear 
river.  The  making  of  drawn  shingles,  both  from  cypress  and  long- 
leaf  pine,  is  an  industry  that  has  rapidly  declined  during  the  past 
decade.  Estimates  given  by  shingle  dealers  at  Wilmington,  New- 
bern  and  Washington,  and  smaller  places  along  the  seaboard,  show^ 
a  falling  off  in  the  production  of  cmc-half  or  more  since  1880. 
This  falling  off  is  largely  due  to  the  fact  that  the  supply  of  the 
best  quality  of  cypress  which  could  be  easily  reached  in  the  swamps 
has  been  in  a  measure  exhausted.  The  number  of  rived  pine  and 
cypress  shingles  estimated  to  have  been  made  last  year  (1HJ)3)  was 
22,800,000,  valued  at  about  $00,000. 
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CAPITAL  INVESTED  IN  THE  LUMBER   INDUSTRY. 

The  capital  reported  as  invested  in  milling  was  $4,690,000. 
This  was  engaged  as  follows :  In  milling  plants,  stock  and  live  assets, 
$3,471,100;  in  timber  lands,  $817,4:J2;  in  railroads  and  rolling 
stock,  $408,800.  Seventy-four  establishments  reported  that  they 
owned  or  controlled  630,700  acres  of  timbered  land.  Of  this 
298,700  acres  were  loblolly  pine  lands,  219,200  acres  were  white 
cedar  (juniper)  swamp,  89,800  acres  cypress  and  gum  swamps,  and 
24,000  acres  long-leaf  pine  lands.  About  .*U)0,000  acres  of  this, 
including  the  cypress  and  white  cedar  land,  is  owned,  and  the  rest 
i??  controlled  for  a  limited  numl)er  of  years. 

The  registers  of  deeds  of  ten  counties  n^ported  ^158,9;^ 
invested  in  timber  lands  in  their  respective  counties,  l)y  logging 
or  milling  companies  of  other  Htates.  This  represented  114,995 
acres  of  land.  The  swamp  land  amounted  to  51,230  acres  and 
the  loblolly  pine  lands  to  63,765  acres.  In  this  connection  was 
also  reported  20,000,000  feet  of  standing  loblolly  pine,  valued  at 
822,000.  This  was  situated  in  (iates,  Hertford  and  other  north- 
♦•asteru  counties.  Bulletin  Xo.  5  of  the  V.  S.  Census  of  1890 
reported  111,418  acres  of  yellow  pine  and  cypress  land,  with  an 
<^jtiinated  total  product  of  953,770,000  feet,  board  measure,  of 
merchantable  timber,  and  a  value  of  $346,885,  to  be  owned  in  North 
Carolina  by  milling  establishments  located  in  Michigan  and  Wis- 
*'onsiu. 

The  $408,800  invested  in  railroads  and  rolling  stock  represents 
eighteen  roads,  with  194  miles  of  track  and  their  necessary  equip- 
ment. Besides  this  there  are  eight  railroads  exclusively  or  largely 
Higaged  in  handling  lumber  and  timber,  which  had  96  miles  of 
track,  and  were  taxed  in  1893  on  a  valuation  of  $256,300. 

The  capital  reported  as  invested  by  millmen  in  lumbering  does 
not  by  any  means  represent  the  total  amount  of  ca})ital  engaged 
•lirectly  or  indirectly  in  milling.  Forty-two  establishments  reported 
171,800,000  feet,  board  measure,  of  their  logs  as  having  been 
^^rought  to  the  mills  by  outside  capital.  This  is  31  per  cent,  of  all 
the  logs  brought  to  the  mills.  The  number  of  persons  engnged  in 
handling  this  timber,  taking  them  to  be  45  per  cent,  of  those 
engaged  in  logging,   in   the  employment  of  the  mills,  was  1,300. 
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This,  with  the  total  number  reported  as  employed  by  milling 
companies  in  logging,  makes  2,800  engaged  in  this  branch  of  the 
industry.  The  total  number  of  hands  reported  as  employed  in  the 
entire  industry,  in  handling  the  material  from  the  stump  to  the 
finished  j)roduct,  was  8,320. 

The  rafting  of  timber  to  the  mills  is  done  by  farm  laborers  during 
the  dull  seasons  of  the  year.  The  price  paid  at  the  mills  for  this 
timber  is  from  $3.75  to  $5  a  thousand  feet,  board  measure,  for 
loblolly  pine,  and  from  $3  to  $6  for  cypress  and  ash,  according  to 
the  quality  of  the  timber  and  situation  of  the  mill.  Long-leaf 
pine  brings  the  same  prices  as  loblolly  pine. 

THE  PRODUCTION   OF  LUMBER   IN   NORTH   CAROLINA   IN    1893. 

Exports  of  Crlde  Lumber. — There  were  operating  in  North 
Carolina  in  1893  three  timber  companies,  with  a  capital  of  $40,000, 
reported  as  engaged  in  logging  for  establishments  in  other  States. 
During  the  year  1893  there  were  exported  by  these  and  other  logging 
and  milling  companies  logs  amounting  to  about  110,000,000  feet, 
board  measure,  to  establishments  in  other  States.  This  amount 
exported  was  nearly  one-fourth  the  entire  amount  manufactured 
in  the  State.  It  consisted  mostly  of  loblolly  pine,  with  some 
cypress,  and  had  an  estimated  value  in  raft  in  this  State  of  $500,- 
000.  It  went  out  by  way  of  the  Chowan  river,  and  through  the 
Dismal  swamp  canals  and  partly  by  rail.  This  timber  was  manu- 
factured chiefly  at  Franklin,  Whaleyville,  Suffolk  and  in  the 
vicinity  of  Norfolk,  Va.  Besides  this  there  was  exported  9,800 
cords  of  white  cedar  billets,  valued  at  $62,000,  chiefly  to  Philadel- 
phia, Richmond  and  Norfolk.  This,  however,  cannot  begin  to 
represent  the  total  amount  shipped,  since  i\ie  white  cedar  w^as 
shipped  in  small  amounts  from  a  great  many  diff'erent  places,  so 
that  but  little  knowledge  could  be  gained  from  these  sources  about 
the  amounts  shii)ped  and  their  value. 

Rkcknt  Growth  of  the  I^imber  Indistry. — An  endeavor  was 
made  to  ascertain  the  increase  of  capital  invested  in  milling  and  the 
increase  in  output  since  1890,  and  also  to  find  the  amount  of  increase 
during  1893.  While  the  number  of  new  plants  erected  since  1890 
was  gotten,  the  capital  invested  in  those  that  had  stopped  run- 
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iiing  or  indefinitely  suspended,  and  their  annual  output,  could 
not  be  accurately  ascertained.  The  following  table  represents, 
however,  very  nearly  the  increase  since  1890  in  capital,  annual 
shingle  and  board  capacity  for  mills  sawing  long-leaf  and  loblolly 
pine  and  cypress  lumber: 

Infrease  Since  1890  in  Capital  and  Productive  Capacitij  of  Lumber  MiUn. 

\  New  t>tab-!  Capital  In-     ^^oitv*'  -    Capacity 
,  lishments.  ,      vesU^d.      '      {J^  j.  ^'        in  Shingles. 

Loblolly  pine  and  Cypress 18  $1,011,300    ;  85,000,000      38,000,000 

liong-leaf  pine '  14  '         73,000       28,000,000.  ;    2,000,000 

Totals 32  i  $1,084,300     ill3,000,000    iJO,000,000_ 

It  was  also  ascertained  that  in  this  same  time  about  twenty 
plants,  with  an  annual  output  of  25,000,000  feet,  had  ceased  run- 
ning. The  above  increase  in  loblolly  pine  mills  lay  largely  in  * 
Washington,  Onslow,  Martin,  Lenoir,  Halifax,  Craven,  Colum- 
bus and  New  Hanover  counties,  and  in  long-leaf  mills  in  Moore, 
Nash  and  Cumberland  counties. 

The  total  increase  in  capital  for  the  year  1893  was  $392,000, 
and  in  yearly  capacity  was  46,000,000  feet. 

There  was  l)esides  this  an  increase  for  1S93  of  twenty  miles  of 
logging  railroad,  valued,  with  the  rolling  stock,  at  $80,000. 

MISCELLANEOUS    WOOD-WORK IX(i    IXDUSTKIKS. 

There  are  several  minor  industries  in  eastern  North  Carolina 
which  are  largely  or  entirely  dependent  upon  timber  for  their 
products  and  which  annually  consume  large  amounts  of  timber  or 
wood. 

One  of  the  most  important  of  these  industries  is  that  engaged 
ill  the  manufacture  of  cooperage.  The  stock  establishments  engaged 
in  the  manufacture  of  cooperage  in  North  Carolina  during  1893 
are  situated  chiefly  in  the  eastern  part  of  the  State,  and  included 
three  barrel  factories  making  truck  barrels  and  boxes,  with  an 
output  of  53,000  barrels  and  1,790,000  staves,  valued  at  $22,000; 
two  bucket  factories  using  white  cedar;  and  a  great  number  of 
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small  cooperage  concerns  engaged  in  making  casks  for  spirits  tur- 
pentine from  oak,  and  barrels  for  rosin  and  crude  turpentine  from 
pine.  The  barrels  for  truck  were  made  partly  from  pine  ** slabs," 
with  wire  hoops,  and  partly  from  black-gum  staves  with  cypress 
hoops  and  yellow  poplar  heads. 

Besides  this  there  was  a  large  amount  of  cooperage  material, 
staves,  headings  and  hoops,  manufactured  in  Washington,  Dare 
and  other  north-eastern  counties  from  cypress  and  white  cedar. 
The  census  for  the  year  1890  reports  that  there  were  that  year 
eighty-three  establishments  manufacturing  cooperage  in  North 
Carolina,  with  a  capital  of  $34,542  and  an  output  valued  at 
$111,925. 

There  are  a  number  of  special  manufactories  in  the  State,  includ- 
ing veneer  works,  spoke  and  handle  factories,  etc.,  using  nothing 
but  wood  in  the  manufacture  of  their  products,  or  largely  dependent 
on  wood.  The  character  and  extent  of  these  manufacturing  estab- 
lishments and  the  practicability  of  increase  in  the  State  will  be 
made  the  subject  of  a  special  Bulletin  to  be  published  by  the  Sur- 
vey at  an  early  date. 

PRODUCTION    OF    TIMBER    OTHER    THAN    MILL    TIMBER. 

''Ton  Timber." — The  forests  of  eastern  North  Carolina  once 
furnished  a  large  quantity  of  very  valuble  pine  stocks  of  excep- 
tionally large  size  and  superior  quality,  under  the  name  of  "ton 
timber,"  which  were  used  in  naval  architecture,  and  for  other  pur- 
poses requiring  extra  large  strong  timbers.  These  stocks  came 
from  both  the  loblolly  and  long-leaf  pines,  the  former  furnishing 
the  longest  and  largest  pieces.  The  finest  trees  for  these  uses  have 
been  removed  wherever  accessible,  and  though  some  of  these  stocks 
are  still  gotten  out  each  year  their  size  is  not  so  large  and  their 
quality  is  not  so  high  as  formerly. 

During  recent  years  the  largest  of  these  stocks  have  come  from 
up  the  Cape  Fear  river,  being  that  growth  of  loblolly  known  as 
rosemary  pine.  They  arc  procured  here  and  there,  only  a  few  at 
a  place,  in  separate  localities,  by  a  number  of  contractors,  so  that 
reliable  information  as  to  the  amount  of  production  could  not  be 
obtained.     However,  at   least   20,000   feet,   scale   measure,   were 
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exported  last  year  to  coastwise  and  to  European  ports.  A  larger 
quantity  of  this  timber  was  shipped  froni  Wilmington  than  from 
any  other  point. 

Railroad  Ties. — One  of  the  most  constant  demands  for  the 
best  heart  pine  and  young  white  and  post  oaks  is  for  making  rail- 
road cross-ties.  The  eastern  part  of  this  State  not  only  furnishes 
all  the  timber  required  for  the  construction  and  maintenance  of  its 
owQ  lines  of  railroads,  but  annually  exports  several  thousand  cross- 
ties  to  other  States.  There  are  about  400,000  cross-ties  required 
yearly  to  maintain  the  existing  lines  of  railroad.  Of  these  400,000 
ties  about  one-half  are  all-heart  long-leaf  pine,  and  average  about 
7i  feet  long  by  9  inches  broad  and  6  inches  thick,  each  containing 
about  '3  cubic  feet  of  wood.  The  oak  ties  are  larger,  especially 
broader,  and  are  being  used  more  than  formerly.  There  are  some 
cypress  and  a  few-  white  cedar  ties  in  use,  and  on  some  roads  lob- 
lolly pine  ties  are  used.  The  average  price  paid  for  hewn  ties  is 
about  22  cents  each.  As  near  as  could  be  ascertained  there  were 
22,000  white  cedar  and  cypress,  and  30,000  pine  ties,  exported 
during  the  year  1893. 

Tele(;raph  Poles,  etc. — These  are  cut  from  both  cypress  and 
white  cedar  woods.  About  7,000  poles  are  annually  required  for 
use  in  this  State,  and  besides  this  about  12,000  w^hite  cedar  tele- 
graph and  electric  light  poles,  valued  at  about  $27,000,  were 
shipped  during  1893.  The  requirements  for  such  white  cedar 
poles  usually  are  that  they  shall  have  few  knots  in  them,  and  very 
few  are  cut  under  14  inches  in  diameter  at  the  larger  end,  so  that 
the  finest  stocks  are  required  to  make  them.  It  would  be  advisable 
for  more  care  to  be  taken  of  juniper  ''bays"  and  swamps  after  they 
have  been  lumbered".  Their  soil  is  generally  too  peaty  to  be  used 
for  agricultural  purposes,  so  that  the  only  real  use  to  which  these 
lands  can  be  put  is  to  let  grow  on  them  the  young  white  cedar  lefl 
after  they  are  cut  over.  Precaution  should  be  taken  to  prevent 
these  swamps  from  being  burnt  over,  during  dry  seasons,  as  the 
forest  fires  not  only  destroy  the  young  growth  of  white  cedar,  but 
also  burn  the  thin  layer  of  organic  matter,  consisting  of  sphagnum, 
peat  and  buried  cedar  logs,  clear  down  to  the  sand  subsoil,  and 
thus  destroy  the  possibility  of  a  future  supply  of  this  timber. 
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The  Production  of  Oak  Staves. — From  1840  until  1880  there 
were  auDually  made  in  the  north-eastern  counties  many  thousand 
white  and  red  oak  staves.  During  the  last  fifteen  years,  however, 
this  industry  has  declined  to  a  very  small  part  of  what  it  once  was. 
Staves  were  very  largely  shipped  from  Beaufort  county  to  the  West 
Indies,  prior  to  1860.  **Red  oak  staves*'  made  from  black,  scarlet, 
water  and  Spanish  oaks  were  preferred  for  this  trade;  while  for  the 
European  trade,  which  went  by  way  of  Norfolk,  New  York  or 
Baltimore,  ** white  oak  staves"  were  preferred.  The  latter  were 
made  from  white  oak,  post  oak  and  overcup  oak.  Between  1868 
and  1880  the  counties  around  Albemarle  sound  produced  large 
numbers  of  staves,  but  the  practical  exhaustion  of  the  best  acces- 
sible oak  has  largely  reduced  their  output.  Nash  county  now  pro- 
duces a  considerable  number  of  oak  staves,  and  this  is  the  only 
county  in  the  eastern  section  of  the  State  that  does.  Further  west, 
however,  large  quantities  of  such  staves  are  made  in  the  upland  oak 
forests  which  extend  through  the  middle  and  western  parts  of  the 
State  to  Tennessee. 

AGGREGATE  VALUE  OF  THE  FOREST  PRODUCTS  OF  EASTERN  NORTH 

CAROLINA. 

The  values  of  all  the  timber  and  lumber  products  of  eastern 
North  Carolina  for  1893  may  be  said  to  liave  been  as  follows: 

Value  of  lumber,  including  sawn  shingles $4,5o8,280 

"  "  round  timber  exported 5()2,000 

"  "  ** tun"  and  hewn  timber  exported r2,0(X) 

"  •*  railroad  ties  produced 110,000 

*'  '*  telegraph  and  electric  light  poles 27,000 

**  •*  hand-made  shingles 55,000 

**  **  products  of  special  manufactories  (U,  S.  Census,  1890),  131,055 

*•  *'  cooperage  products  (U.  S.  Census,  1890) 111,925 


Total $5,567,2(50 

To  this  amount  can  be  added  the  value  of  all  resinous  products, 
which  amounted,  in  1893,  to  $1,752,760;  and  we  have  as  the  approxi- 
mate market  value  of  the  forest  products  for  eastern  North  Caro- 
lina in  1893,  $7,320,020.  This  does  not  show  the  real  total  value 
of  the  forest  products   of   this  section,  since    practically  all  the 
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fencing  material  is  wood,  and  over  nine-tenths  of  the  fences  are 
made  from  rails  manufactured  on  the  farms  and  not  included  in 
the  above  amounts.  Neither  is  there  included  in  the  above  any  of  the 
fire-wood,  which  constitutes  nearly  all  of  the  fuel  used  in  this  sec- 
tion, both  for  manufacturing  and  domestic  purposes.  The  value 
of  the  fencing  cut  up,  and  the  cord  wood  in  piles,  would  amount 
to  considerably  over  $4,500,000  a  year,  for  the  quantity  of  both 
consumed  in  eastern  North  Carolina,  and  this  added  to  the  value 
of  the  other  products,  makes  an  aggregate  value  of  about  $12,000,000 
for  the  forest  products  of  this  section,  for  one  year.  This  makes 
the  forest  industry  one  of  the  largest  in  the  State.  The  cotton  croj) 
of  the  entire  State  had  in  1S90  a  value  about  equal  to  this  amount. 

RECENT  TIMBEK  DEVELOPMENTS,  AND  THE  OUTLOOK. 

The  tendency  of  the  lumber  industry  in  Nortli  Carolina  is  towards 
larger  establishments,  turning  out  at  the  mills  as  highly  finished 
a  product  as  possible,  such  as  flooring,  ceiling,  moulding,  etc.  The 
wisdom  of  this  course  is  fully  sustained  by  the  fact  that  there  were 
in  these  eastern  counties,  in  1880,  30H  establishments,  which  had 
an  output  valued  at  $1,340,000;  while  in  1893  there  were  only 
•V23  establishments,  with  an  output  of  $4,009,000.  There  are  now 
in  operation  nine  band  saws,  five  of  which  have  been  put  in  since 
1><90;  and  the  change  from  circular  to  band  saws  is  being  contem- 
l>lated  by  several  other  establishments,  since  there  is  a  saving  in 
them,  not  only  of  motive  power,  but  also  a  great  saving  of  timber. 

Most  large  mills  which  will  be  built  in  the  future,  at  least  those 
for  sawing  loblolly  pine,  will  be  furnished  witli  band  saws. 

The  next  ten  years  will  probably  show  a  nmch  greater  increasi* 
in  milling  than  the  past  decade,  and  a  very  much  larger  develoj)- 
ment  of  the  loblolly  pine  and  hardwood  industry.  There  are 
several  counties  in  which  the  lojblolly  pine  has  as  yet  no  commer- 
cial value,  and  m  w^hich  it  is  only  sawn  in  small  (piantities  for  local 
use.  The  fact  that  the  mills  using  this  kind  of  timber,  and  owning 
timber  land,  reported  over  2,000,000,000  feet  in  sight,  insures  them 
j^ufficient  material  for  many  years  to  come.  Besides  this,  the  area 
still  unlumbered  and  not  controlled  by  lumber  men,  must  have 

at  least  twice  as  much  standing  timber  on  it  as  was  reported  by 
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millmen    for   their  lands.     This  does  not   include  any  regrowtli 
which  is  now  occupying  areas  already  lumbered. 

USES  OF  THE   IMPORTANT  WOODS  IN   EASTERN   NORTH  CAROLINA. 

The  long-leaf  pine  serves  for  more  use^  than  any  other  tree  of 
this  section.  Its  largest  uses  are  for  heavy  building  material  for 
houses,  bridges,  trestles  and  other  places  where  great  strength  and 
length  of  timber  are  required ;  for  tank  plank,  flooring,  ceiling, 
weather-boarding,  shingles,  railroad  cross-ties,  and  filing.  Its 
special  ([ualities  as  a  wood  are  not  yet  sufficiently  understood  by 
consumers,  and  it  is  put  to  a  great  many  uses  to  which  an  inferior 
and  weaker  timber  might  as  well  be  applied.  Its  use  as  tank 
plank  is  one  to  which  it  has  only  lately  been  extensively  put,  but 
one  to  which  it  is  well  adapted  on  account  of  its  durability.  It  is 
extensively  used  for  fencing  and  posts,  and  in  the  form  of  split 
rails,  throughout  all  the  south-eastern  section  of  this  State. 

The  loblolly  pine  is  manufactured  chiefly  into  flooring  and  ceil- 
ing, and  to  some  extent  into  scantling  for  frame  work,  bridge  timber, 
etc.  For  the  last  uses  the  wood  is  not  so  well  suited  as  that  of 
the  long-leaf  j)ine,  though  it  is  extensively  used  when  the  long- 
leaf  cannot  be  gotten.  Railroad  cross-ties  are  made  from  it  in  the 
north-eastern  counties,  but  they  decay  rapidly,  since  they  are 
largely  or  entirely  of  sap  wood,  and  are  in  contact  with  a  soil 
unusually  damp  during  the  greater  part  of  the  3'ear. 

The  short-leaf  and  savanna  pine.H  have  the  same  uses  as  the  lob- 
lolly, though  the  wood  of  both  trees  is  difl\3rent  from  that  of  the 
loblolly.     The  loblolly  pine  is  also  largely  used  for  fencing. 

The  yellon)  poplar  is  manufactured  into  boards  for  box  stuff,  and 
some  of  the  best  quality  of  lumber  into  furniture  squares.  The 
poplar  of  the  eastern  swamps,  however,  is  of  an  inferior  quality' 
when  compared  with  that  from  t^e  western  part  of  the  State,  and 
can  only  be  put  to  secondary  uses.     It  makes  excellent  fencing. 

Ash  is  sawn  into  furniture  squares,  banister  and  new^el  post 
pieces,  and  some  of  the  lower  grades  of  wood  into  boards.  Barrel 
hoops  are  extensively  made  from  it.  Like  the  poplar  its  quality 
is  not  as  high  as  the  ash  from  the  western  counties. 

White   eedar   (juniper)   is   now   recognized  as  one  of  the  most 
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valuable  woods  of  the  eastern  Tnited  States,  and  decidedly  the 
most  valuable  in  the  eastern  part  of  North  Carolina,  where  it  has  a 
largo  and  constantly  increasing  number  of  uses.  It  is  employed 
for  making  cooperage  ware,  pails,  tubs,  railroad  tank  plank  and 
boat  plank,  shingles,  sashes,  railroad  ties,  telegraph  and  telephone 
poles  and  for  fencing.  All  of  these  services  to  which  it  is  put  are 
based  on  the  property  it  possesses  of  withstanding  exposure  to 
moisture,  or  alternate  wetting  and  drying,  and  its  small  shrinkage, 
lu  this  Stat<3  it  is  also  used  in  the  manufacture  of  cheap  furniture, 
and  is  said  to  be  particularly  suited  for  such,  being  easily  worked, 
shrinking  very  little,  and  being  light. 

Cypress  is  largely  used  for  shingles,  and  in  other  ways  in  which 
white  cedar  is  used.  Besides,  on  account  of  its  great  size,  wide 
paneling,  wainscoting  and  building  material,  sashes,  blinds, 
exterior  mouldings,  and  other  wood-work  exposed  to  the  weather, 
are  made  from  it.  The  poorer  (juality  wood,  where  it  is  worm- 
eaten  and  "peggy,"  is  sawn  into  fence  boards. 

The  uses  reported  for  the  other  woods  were  very  few,  and  indeed 
very  little  of  them  is  being  sawn.  Some  sweet-gum  is  sawn  into 
lumber  for  making  furniture,  but  it  warps  so  badly  that  it  is  dif- 
ficult, even  when  kiln-dried  at  once,  to  get  good  boards  for  ship- 
ment. A  use  for  which  it  is  well  adapted  is  to  make  veneer  ware, 
butter  and  lard  dishes,  crates,  small  baskets,  etc.,  and  it  is  being 
largely  employed  in  such  manufactures  in  the  eastern  section. 
For  making  the  veneer,  the  gum  logs  are  cut  to  a  uniform  length, 
steamed  thoroughly  to  soften  the  wood,  placed  in  a  large  turning 
lathe  the  chisel  of  which  takes  off  a  thin  sheet  of  wood  as  broad 
as  the  log  is  long.  The  chisel  is  moved  automatically  nearer  to 
the  center  of  the  log  with  each  revolution  of  the  latter  to  make  the 
sheet  taken  off  of  a  uniform  thickness.  These  sheets  are  then  cut 
to  size  and  pressed  or  bent  into  the  shape  desired,  and  steam-dried 
to  prevent  any  warping. 

The  hlack-ffiim  is  being  used  for  making  staves  and  crates  for  use 
in  trucking,  for  which  uses  manufacturers  say  it  is  well  suited,  not 
t)eing  heavy,  and  about  the  cheapest  material  that  can  be  gotten. 

Several  thousand  feet  of  maple  was  reported  by  one  company 
among  their  products  as  being  sawn  for  use  in  finishing  the  interior 
of  railroad  cars. 
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PREFACE. 

The  present  Bulletin  was  planned  as  a  part  of  the  North  Caro- 
lina forest  exhibit  at  Chicago.  It  was  begun  before  the  opening 
of  the  World's  Fair,  but,  for  reasons  which  need  not  be  recited 
here,  remained  unfinished.  Since  that  time  it  has  been  continued 
under  stress  of  other  work  as  opportunity  arose,  and  has  reached 
it  present  condition  only  after  long  delays. 

It  is  intended,  first,  to  present  a  succinct  statement  of  certain 
salient  characteristics  of  the  more  important  trees  of  North  Caro- 
lina. The  forest  flora  of  no  other  State  is  more  varied,  nor  in 
many  ways  so  interesting  as  this.  Partly  for  this  reason,  and 
partly  for  the  uses  of  this  Bulletin  in  identifying  trees  through- 
out the  State,  a  close  restriction  to  those  species  which  are  of 
present  value  for  lumber  has  not  been  maintained. 

The  second  part  of  the  Bulletin,  a  short  account  of  the  various 
forest  regions  of  the  State,  is  contributed  entirely  by  Mr.  Ashe, 
whose  acquaintance  with  the  woodlands  of  North  Carolina  is  so 
much  more  extensive  than  my  own  that  I  have  thought  it  best  not 
to  attempt  to  edit  his  MS.  in  any  way. 

In  all  matters  of  punctuation,  capitalization,  and  nomenclature, 
I  have  preferred  to  follow  the  established  usage  of  the  Geological 
Survey  throughout,  rather  than  depart  from  it  in  a  few  cases 
where  my  individual  preference  might  have  been  difi*erent. 

The  material  contained  in  the  accounts  of  the  various  trees  has 
been  gathered  chiefly  from  various  publications,  assisted  by  such 
personal  observations  as  I  have  been  able  to  make,  or  as  have 
been  contributed  by  diff'erent  observers.  I  have  to  express  my 
indebtedness  in  particular  to  Prof.  Sargent's  magnificent  "Silva 
of  North  America,"  to  Dr.  Curtis'  "Trees  of  North  Carolina," 
and  to  Dr.  Chapman's  "Fbra  of  the  Southern  States."  .Other 
authorities  have  been  consulted  in  the  course  of  preparation,  but 
these  are  the  principal  ones. 
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The  silvicultural  notes,  largely  tentative  in  character  as  they 
must  necessarily  bfe,  are  intended  to  refer  only  to  the  bearing  of 
each  species  in  North  Carolina. 

Besides  Mr.  Ashe,  to  whose  notes  I  am  indebted  for  the  descrip- 
tions of  the  root  systems  and  for  other  material,  and  myself,  many 
others  have  joined  in  the  work,  but  it  would  carry  me  too  far  to 
acknowledge  their  services  in  detail.  I  must  ask  them  to  accept 
this  general  expression  of  my  sincere  appreciation  of  their  assist- 
ance. GiFFOBD    PiNCHOT. 

New  York,  Nov.  26,  1896. 
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The  analytical  key  given  below  for  the  determination  of  the 
larger  forest  trees  is  based  on  those  characters  whicdi  are  most 
accessible  and  can  be  obtained  throughout  the  greater  part  of  the 
growing  season.  A  short  explanation  of  some  of  the  terms  used 
is  given,  which  may  be  of  some  service. 

Opposite  leaves  are  two  leaves  placed  opposite  one  another,  one 
on  either  side  of  the  twig.  Alternate  leaves  are  leaves  not  so 
placed  in  pairs  along  the  twig. 

The  leaf  stem  is  the  stalk  on  which  the  leaf  stands  and  bv  which 
it  is  fastened  to  the  twig.  A  sim^jde  leaf  is  one  whose  leafstem 
is  attached  directly  to  the  twig;  a  compound  leaf  one  formed  of 
numerous  separate  small  leaves,  or  leafets^  which  are  attached  at 
the  end  of  a  common  leafstem  or  along  either  side  of  a  com- 
mon leafstem.  The  leaflets  along  the  leafstem  can  be  arranged 
opposite  each  other  or  alternately. 

A  hvd  is  placed  on  the  twig  at  the  bottom  of  each  leafstem.  It 
is  generally  a  small  brown  prominence  or  spur  formed  of  over- 
lapping scales.  Those  buds  at  the  end  of  the  twig  are  larger  than 
those  below,  and  the  usual  reference  is  to  the  end  or  terminal 
bnd.  Buds  do  not  reach  their  full  size  and  color  until  about  the 
middle  of  July,  but  they  can  be  clearly  seen  as  soon  as  the  leaves 
and  twig  are  mature  in  spring.  Most  buds  are  placed  on  the  twig 
just  above  where  the  leafstem  joins  it  ;  som^  buds,  however,  are 
concealed  in  a  cup  hollowed  out  of  the  base  of  the  leafstem.  It 
is  important  to  know  where  the  bud  is,  as  compound  leaves  are 


18  KEY    FOR    THE    DETERMINATION    OF    THE 

determined  in  this  way,  the  small  leaflets  which  make  them  hav- 
ing no  buds  where  they  join  the  leafstem,  which  otherwise  might 
be  taken  for  the  twig. 

The  twig  is  the  growth  of  the  season.  Most  trees  have  the  buds 
and  the  leaves,  which  grow  from  the  same  point,  scattered  rather 
regularly  along  the  twig,  only  one  or  rarely  two  being  at  the  end 
of  the  twig ;  the  oaks,  however,  have  from  three  to  five  such  buds 
and  leaves  crowded  at  the  end  of  the  twig,  besides  those  on  the 
stem  below,  and  this  characteristic  grouping  of  the  buds  is  used 
to  separate  these  trees  from  all  others.  Two  of  the  magnolias 
have  their  leaves  and  buds  so  grouped,  but  on  account  of  the 
large  size  of  the  leaves  these  will  not  be  confused  with  the  oaks. 

j  The  figures  in  parenthasis  refer  to  the  page  on  which  a  more 
{       lengthy  description  will  be  found. 


I.    CONIFERS,  TREES  WITH  LIMBS,  CHIEFLY  EVERGREEN  AND 
RESIN-BEARING,  WITH  LEAVES  RARELY  ^j  INCH  BROAD. 

(1)  LKAVKS  OVER  ONE  INCH  LONG,  NEEDLE-LIKE,  FROM  2  TO  5  COLLECTED 
IN  A  SHORT  SHEATH.— PlMCA'. 

(a)  Leaves  5  together;  bark  of  small  limbs  whitish 

or  gray.    (p.  123.) White  Pine. 

(b)  Leaves  3  together. 

Leaves  10  to  15  inches  long;  bud  at  end  of 
the  twig  covered  by  many  ragged,  silvery 

bracts,    (p.  131.) Long-leaf  Pine. 

Leaves  6  to  10  inches  long ;  bud  small  and 
resinous;  cone  or  burr  cylindrical,  6  to  6 

inches  long.    (p.  125.) Loblolly  Pine. 

Leaves  4  to 8  inches  long;  small  bud  resi- 
nous ;    cone  top-shaped ;   trees  of    eastern 

swamps,    (p  127.) PoND  OR  Savanna  Pine. 

Leaves  3  to 5 inches  long;  cone  top-shaped  ; 
wet-tern  trees  on  dry  ridges  or  rarely  in  deep 
swamps;  buds  resinous,    (p.  126.) (Northern)  Pitch  Pine. 

(c)  Leaves  2  together,  rarely  3. 

Leaves  about  4  inches  long  ;  cone  less  than 
2  inches  long ;  young  twig?j  covered  with  a 
whitish  or  pinkish  bloom ;  buds  not  resin- 
ous ;  large  and  common  trees,    (p.  130.) Short  leaf  Pine. 

Leaves  about  2  inches  long  ;  cone  2i  inches 

long;  small  trees  with  curving  branches, 

and  thin  scaly  bark  on  old  trunks,    (p.  128.)..Jersey  or  Scrub  Pink. 

Leaves  about  2  inches  long ;  cone  large  with 

stout  hooked  prickles  on  the  ends  of  the 

scales ;  a  rare  tree,  occurring  chiefly  along 

the  Blue  Ridge,    (p.  129.) Table-mountain  Pine. 
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(2)  LEAVES  FLATTENED,  RARELY  1  INCH  LONG,  SCATTERED  SINGLY  ALONG 
THE  TWIG  ;  FRUIT  NOT  A  BERRY. 

(a)  Large  and  coinmoD  trees  of  eastern  swamps ; 
not   evergreen ;  the  end    of  the  twig  falling 
off  in  the  antumn. 
Leaves  spreading  in  two  rows,  one  on  either 

side  of  the  twig.    (p.  122.) Cypress. 

Leaves,  appressed  to  the  twig,  in  many  rows 
on  all  sides  of   it;  smaller  tree   than   the 

above,  growing  in  pine  barren  ponds ^PoND  Cypress'. 

{b)  Trees  of  the  mountains  ;  evergreen. 

Fruit  a  small  burr  or  cone,  about  1  inch 
long  or  less. 

Leaves  white  beneath,  in  two  rows,  one 

on   either   side  of   the  twig;     growing 

along  mountain  streams,    (p.  184.) Hemlock. 

Leaves  scattered  on  all  sides  of  the  twig ; 

scales  of  the  cone  larger  than  the  last 

and  spreading ;  rare  trees,  chiefly  along 

the  Blue  Ridge,    (p.  185.) Carolina  Hemlock. 

Fruit  a  larger,  cylindrical  cone,  3  to  4  inches 
long ;  trees  of  high  mountains. 

Leaves  green,  nearly  round,  scattered  on 

all  sides  of  the  twig.    (p.  188.) Black  Spruce. 

Leaves  in  one  row  on  either  side  of  the 
twig,  white  beneath  ;  trees  with  white, 
smooth  bark,  found  on  the  highest 
mountains,    (p.  136  ) Carolina  Fir  or  Balsam. 

(3)  leaves  short,   SCALK-LIKE,  less  than   ^-INCH   LONG;  TWIGS  OF  THE 

YEAR  green.— Cedar*. 

Spray,  that  is  a  bunch  of  twigs,  flattened  ;  fruit  a  (Juniper. 

small  cone  ;  trees  of  eastern  swamps,    (p.  119.) White  Cedar  or 

Twigs   round :   fruit  a  small,  blue  berry ;  (often 

bearing  large,  hard,   brown  excrescences  on 

twigs);  dry  soil.    (p.  121.) Red  Cedar. 

Twigs,  as  well  as  the  spray  (bunch  of  twigs)  flat- 
tened ;  fruit  a  small  cone ;  rocky  slopes  of  the 
Blue  Ridge,  also  extensively  cultivated,    (p.  119.) Arborvitae. 


11.    BROAD-LEAF  TREES;   TREES  WITH  LIMBS;    LEAVES  PROM 
i  OF  AN  INCH  TO  10  INCHES  BROAD,  CHIEFLY  DECIDUOUS. 

(1)  LEAVES  COMPOUND  AND  PLACED  ALTERNATELY   ALONO  THE  TWIG. 

{a)  Leaflets  placed  alternately  along  the  common 

leafstem,  7  to  11  in  number;  flowers  white; 

fruit  a  dry  pod  ;  S.  W.  mountains  ;  rare.    (p.  56) Yellowwood. 

(6)   Stoat  thorns  at  the  base  of  each  leafstem  and 

eacli  leaflet ;  leaflets  dotted  with  translucent 

dots  ;    bark  warty   and  thorny ;    sandy   sea 

coast Prickly  Ash*. 

iTAKodlam  dlstichu  a   im'^ricina  (Xattall)  Astie,  Haa(lb3jk  of  North  Carolina,  p.  43 
(1B06J. 
2Xanttioxylum  carolinianum.  Lam. 
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(c)  Twigs  angled,  frequently  bearing  two  flat- 
tened thorns  at  the  base  of  each  leafstem ; 
leaflets  not  toothed,  opposite  on  the  leafstem, 
over  11    in  number ;   flowers  white  ;   fruit  a 

dry  pod  ;  bark  furrowed,  not  thorny,    (p.  54.) Yellow  Locust. 

(d)  Twigs  round,  stout ;  frequently  compound 
thorns  scattered  over  limbs  and  trunk ; 
leaves,  frequently  twice  compound,  with 
rather  small,  toothed  leaflets ;  fruit  a  long, 

dark  brown,  pulpy,  many-seeded  pod.    (p.  56.) HoNKY  LocusT. 

{e)    Twigs  sticky  or  clammy;    fruit  a  dry  pod; 

Macon  county,  also  cultivated  ;  a  shrub  or  in 

cultivation  a  small  tree.    (p.  50.) : Clammy  Locust. 

(/)  Twigs    smooth,    bearing    prominent    brown 

buds  ;     leaflets     sharply    toothed,     smooth ; 

flowers  white,   small,  in  large  clusters ;  fruit 

small,  red  and  berry-like ;   bruised  bark  on 

twigs  bitter  and  scented  like  cherry  bark ; 

highest  mountains Mountain  Ash^ 

{g)  Twigs  not  thorny  or  sticky ;  usually  from  2  to 

4  buds  above  each  leaf-ST-ar;  sharply  toothed 

leaflets  opposite  on    leafstem,  over  3  inches 

long,  5  to  13  in  number;  fruit  a  nut,  \vith  a 

husk  dividing  in  4  parts. — Hickories. 

Leaves  and  leaf  stems  smooth,  not  hairy; 
leaflet  6  to  7 :  buds  scaly. 

Leaflets  5,  smooth  ;  no  resinous  particles 

on  lower  surface ;  nut  not  angled,  with 

a  thick  shell  and  thin  husk,  often  pear- 
shaped  ;  bark  not  scaly,    (p.  88.) Pignut. 

Leaflets  very  large,  5  or  7,  smooth,  but 

thickly  dotted  beneath  with  resinous 

particles;   twigs,  f>mooth,  shining,  pur 

pie-brown ;    nut    angled,    whitish    or 

mealy,  rather  thin-shelled  ;    the  husk 

greenish-brown,  roughened  wuth   min- 
ute prominencies,  often  splittinjrto  the 

base;  large  trees  with  shaggy  or  loose  (HICKORY^. 

bark  ;  common,    (p.  88.) Red  HEART  or  Smallnut 

Leaflets  5,  smooth ;   nut  white,  small, 

sharply  angled,  with  thin,  white  shell 

and    thick    husk,   the  fruit  globular; 

bark  very  shaggy ;  trees  of  dry  or  rocky  (Hickory'. 

ridges - Small  or  Carolina  Shagbark 

Leaflets  5  to  11,  downy  or  hairy  beneath  ; 
buds  scaly. 

Leaflets  5  or  7,  soft-velvety  beneath ; 

nut  with  thick  husk  and  thin,  white  (Hickory. 

shell;  trees  with  shaggy  bark.    (p.  86.)  ...Shag  or  Scaly-bark 

Leaflets  5  to  9,   soft-downy  beneath  ; 

twigs  and  buds  very  stout ;  nut  brown, 

oblong,     thick-shelled ;     husk    thick ; 

large  trees  of  low  grounds,  with  shaggy 

bark  ;  infrequent Largb  Shagbark  Hickory*. 

iPyrus  americana,  (Marsball)  De  CandoUe. 
2Hlcorla  odorata,  (Marshall)  SarKent. 

3Hicoria  carolinse-septeutrlonails,  Ashe.  Notes  on  the  Hickories,  Chapel  Hill,  N.  C. 
(4898.) 

4Hicorla  laclniosa,  (Mlchaux  Ills)  Sargent. 


LARGER    NORTH    CAROLINA    F0RB8T    TREKS.  21 


Leaflets  7  to  11,  rough-hairy  beneath; 
nut    thick-shelled,    with    thick   husk; 

bark  of  tree  rough  but  not  shaggy,    (p.  87.) White  Hickory. 

Leaflets  scurfy  beneath  with  silvery 
particles ;  leaf  stem  and  midribs  hairy  ; 
nuts  thick-shelled,  the  husk  usually 
adhering  to  it ;  bark  very  rough  ;  small 
trees  on  sandy  soil ;  throughout  except 
high  mountains -..Sand  Hickory' . 

Leaflets  7  or  more,  and  leafstem,  often 
smooth  ;  nuts  thin-shelled  and  bitter ;  husk 
thin  and  adhering  to  the  nut;  end  buds, 
long,  yellow,  without  scales  (naked). 

Leaflets  7  to  11,  soft-velvety  or  smooth- 

ish  beneath  :  nut  large,  very  thin-shelled 

and  bitter;  husk  thin.    (p.  84.) -...Bitternut  Hickory. 

Leaflets  9  to  13,  smooth  ;  nut  small,  very 

thin-shelled  and  bitter;  confined  to  the 

lower  Cape  Pear  section,  (p.  86.)  Water  (bitternut)  Hickory. 

(h)  Leaflets  smaller,  over  11  in  number;  fruit  a 
nut  with  a  husk  or  rind  which  does  not  split 
at  all  on  the  mature  nut ;  pith  brown,  cham- 
bered.— Walnuts, 

Leaflets  soft- velvety;  fruit  nearly  round,  (p.  88.)  Black  Walnut. 

Leaflets  clammy  or  sticky ;  fruit  oblong,  (p.  84.)  White  Walnut. 

(2)  leaves  compound  and  placed  opposite  on  the  twig. 

(o)  Leaflets  6  or  7,  spreading  from  the  same  point 
at  the  end  of  the  leaf- stem  ;  fruit  2  or  8  brown 
nuts  in  a  yellow  or  brownish  husk.    (p.  47.) Buckeye. 

{b)  Twigs  and  buds  green  and  shining :  leaflets  3 

or  5,  coarsely  toothed ;  fruit  with  2  wings,    (p.  53.) Boxbldbr. 

(r:)  Twigs  stout  and  brown ;  buds  brown  and 
scurfy  ;  fruit  with  a  single  vring.— Ashes. 

(1)  The  very  broad  wing  entirely  surround- 
ing the  seed ;  leaflets  5  to  9,  green  both 

sides;  eastern,    (p.  78.) Water  Ash 

(2)  Fruit  narrowly  winged  at  one  end  only ; 
leaflets  7  to  9. 

Leaves    whitened    beneath ;    twigs 

either  smooth  or  velvety,    (p.  70.) White  Ash. 

Twigs,  buds  and  green  lower  surface 
of    leaves    velvety ;   fruit  narrowly 

winged,    (p.  72.) Red  Ash. 

Twigs    and   leaves    smooth ;  leaves 

bright  green  beneath,  sharply  toothed,    (p.  73.).  Ctrkrn  Ash. 

(3)  LEAVES  simple   AND  PLACED   OPPOSITE   ON  THE   TWIQ. 

{a)  Leaves  entire,  thin,  oblong,  large,  over  2  inches 
long,  downy  beneath  ;  flowers,  slender,  droop- 
ing, white;  fruit  plum-like Pringk  Tree^. 

(h)  Leaves  evergreen,  thick,  smooth,  pointed,  3  to 
5  inches  long;  fruit  large,  1 -seeded ;  rich 
hummocks  along  the  coast Dkvilwood  or  Olive^. 

iHlcorla  villoma  (SargJ  AHhe. 
'^Cblonanthus  vlrt^lnlca,  Linnaeus. 
^Osmantliusamerlcanus,  (Linnseus)  Bentbam  &  Hooker. 
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(c)  Leaves  toothed,  oblou^,  small,  2  inches  long: 
buds  small  and  acute,  or  large,  round,  and 
flattened  from  the  top  ;  flowers  seeming  soli- 
tary, large  and  white ;  fruit  a  cluster  of  red 

berries;  twigs  purple  or  green,     (p.  63.) -...DoawooD. 

(d)  Leaves  oblong,  li  to  3  inches  long,  toothed 
or  entire-margined;  buds,  long-stalked,  rusty- 
scurfy;  flowers  white,  small,  in  flat- topped 
clusters;  fruit  black  or  btui8h,containing  a 
seed    grooved    on    the  side;   syiaH   trees  or 

shrubs several  kinds  of Black  Haws  ^ 

{e)  Leaves  broader  and  short,  3  to  5  lobed ;  fruit 
with  wings.— i/ai? 7c*.  (The  three  flrst  fre- 
quently grown  as  shade  trees.) 

Buds  red,  blunt;  leaves  white  beneath, 
generally  with  3  shallow  lobes  ;  very 
common  ;  wings  of  fruit  f  inch  long.     (p.  53.) Red  Maplr. 

Buds  red,  blunt ;  leaves  white  beneath 
with  3  to  5  lobes;  wings  of  fruit 
more  than  1  inch  long ;  cultivated,    (p.  51.) White  Mapl.b. 

Buds  brown,  acute;  leaves  over  2  inches 
wide,  green  or  white  beneath  with  3 
lobes,  each  lobe  3-notched  ;  large  trees 
with  rough,  hard,  shaggy  bark ;  fruit 
U  inch  in  length,    (p.  50.) SUGAR  Maple. 

Leaves  as  in  the  sugar  maple,  but  onlv 
half  the  size  ;  fruit  less  than  one  inch 
long;  small  trees  with  smooth  gray 
bark,  bninching  near  the  ground ; 
rocky  river  banks  in  the  counties 
drained  by  the  Yadkin  and  Catawba 

rivers ". White-bark  Maple*. 

Small    trees  of  the  high  mountains, 

above  3,000  feet,  with  striped  branches, 

green  twigs  and  large,  smooth,  3-lobed 

leaves  ;  long,  stalked,  purplish  buds.    (p.  49.).  Striped  Maple. 

Small  trees  of  the  highest  mountains, 

over  4.000  feet,  with  purplish  twigs  and 

3-lobed  leaves,  velvety  beneath,    (p.  48.) Mountain  Maple. 

(4)    LEAVES  simple    AND   ALTERNATE   OR    SCATTERED    ALONG   THE  TWIG. 

(a)  Leaves  mostly  rather  large,  3  or  more  inches 
long,  nearly  as  broad  as  long,  more  or  less 
heart-shaped. 

(1)  Small  trees ;   leaves  smooth  and  with 

entire  edges ;  fruit  a  pod ;  flowers  in 

early  spring,  bright  red.    (p.  57.) Redbud. 

(2)  Larger  trees,  with  leaves  triangular, 
smoothish,  finely  toothed  on  the  mar- 
gins; buds  resinous  when  crushed. — 
Cotto7iwoods. 

Trees  of  eastern  swamps;  leaves 

1  Species  of  viburnum. 

2  Acer  leucoderme.  Small,  Bui.  Tor.  IJot.  CI.,  xxll,  p.  367. 
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finely  toothed;  leafstem  flat ;  twigs 

angled,    (p.  118.) ^ Cottonwood. 

Trees  of  lowgrounds,  eastern  and 
middle  sections;  leaves  finely 
toothed  ;  leafstem  round.  (p.ll8.)..CAROLiN A  Cottonwood. 

Trees  on  dry  slopes  of  the  Blue 
Ridge  ;  leaves,  about  2  inches  long, 
coarsely  toothed;  leafstem  fiat- 
tened.    (p.  117.) Aspen. 

(8)  Mostly  trees  on  the  mountains  or  cool 
banks;  fiowers  white,  in  early  summer; 
fruit  a  small,  dry  berry  ;  leaves  sharply 
toothed ;  twigs  with  large  buds  and 
inodorous  bark.— Xan^  or  Lindens, 

Leaves  thin  and  nearly  smooth, 

green    both  sides;  found    chiefly 

around  high  mountains,    (p.  42.)..^ Basswood. 

Leaves  thickish  and  white  beneath,    (p.  45.) ~ Lin. 

Leaves  thickish,  velvety  beneath  ; 

found  chiefly  on  cool  hummocks 

near  the  coast,    (p.  44.) Southern  Lin. 

(4)  Small  trees  of  rich  woodland  ;  bark  ill- 
scented  when  broken  ;  fruit,  ripening 
in  summer,  a  black,  edible  berry; 
often  cultivated,    (p.  79.) Mulberry. 

(b)  Leaves  about  as  broad  as  long,  2  to  5  inches 
long,  not  heart  shaped  in  outline;  buds  scat- 
tered ;  large  and  common  trees  except  last. 

Leaves  large,  with  a  broad  notch  at  the 

top,  lobed  on  the  sides  ;  large  buds  flat-  (Yellow  Poplar. 

tened;  in  rich  woods  and  along  streams,    (p.  89.)..Tulip-treb  or 

Leaves  small,  deeply  5-lobed :  crushed 
buds  resinous  scented  ;  twigs  often  with 
corky  wings  ;  fruit  a  rough  ball,  about 
1  inch  in  diameter  hanging  by  a  stem  2 

to  3  inches  long.    (p.  61.) Sweet  Gum. 

Leaves  3  to  5-lobed,  white  beneath  with 
soft  wool ;  leafstem  covering  the  bud  ; 
trunk  of  trr'C  smooth  and  whitinh 
above;  fruit  a  rather  smooth  tmll, 
about  1  inch  in  diameter,  hanging  by  a 

slender  stem ;  mostly  along  htreams.    (p.  81.)... Sycamore. 

Leaves  with  sharp  spines  along  their 
edges,  thick,  evergreen,  dark  green ; 
trees  with  smooth  gray  bark.    (p.  46.) Holly. 

(c)  Leaves  large,  4  to  30  inches  long,  oblong  in 
outline,  not  toothed  or  lobed ;  flowers  large 
and  white.— ifa^no/ia*. 

Leaves  thick,  evergreen,  over  6  inches 

long,  brown-hairy  beneath  ;  Brunswick  (Magnolia. 

county,  and  frequently  cultivated,    (p.  .33.) Evergreen 

Leaves  smaller,  white  beneath ;  bark 
white  and  smooth  ;  buds  silky ;  eastern 

swamps White  Bay. 

Leaves  4  to  6  inches  long,  greenish 
beneath  ;  bark  furrowed  ;  buds  gilky- 
hairy ;  mountains Cucumber  Tree. 
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Leaves  large,  10  to  80  inches  long ;  buds 

silky;  rare;  western,    (p.  86.) Great-leavkd  Magnolia. 

Leaves  10  to  15  inches  long,  with  a  deep 
notch  at  the  bottom,  often  collected  at 
the  end  of  the  twig ;  buds  not  hairy ; 
high  mountains,    (p.  38.) Wahoo  or  Mountain  Magnolia. 

Leaves  10  to  20  inches  long,  pointed  at 
each  end,  collected  at  the  ends  of  the 
twigs ;  along  streams,    (p.  37.) Umbrella  Tree. 

(d)  Leaves  longer  than  broad,  2  to  8  inches  long  ; 
twigs  mostly  brown,  with  from  2  to  5  buds 
crowded  at  the  top,  other  buds  scattered 
below;  fruit  an  acorn,  i.  e.  a  nut  with  the 
base  enclosed  in  a  scaly  cup. — Oaks. 

(1)  Leaves  not  at  all  lobed  or  toothed,  except 
on  viiforous  shoots,  wedge-shaped  or  tri- 
angular or  long  and  narrow  in  outline; 
leafs tems  short.—  Water  Oaks  and  Willow 
Oaks. 

*1)  Leaves  green  on  both  sides. 

Leaves  4  to  6  inches  long,  triangular 
in  outline,  thick;  buds  large;  twigs 
thick ;     acorn    large,    f    inch    wide ; 

small  trees:  bark  rough,  black,    (p.  103.) Black-jack  Oak. 

Leaves  narrowly  triangular,  2  to  8 
inches  long;  twigs  slender;  buds 
small    and    blunt ;    nut  small ;    trees 

with  smoothish  gray  bark ;  eastern,    (p.  105.) Water  Oak. 

Leaves  verj'  narrow,  pointed ;  twigs 
slender;  in  the  middle  and  eastern 
parts   of   the   State,   usually   in    wet 

places,    (p.  108) : Willow  Oak. 

Leaves  paler  beneath  and  downy ; 
banks  of  streams  along  the  Blue 
Ridge  and  to  tlie  westward,    (p.  107) Shingle  Oak. 

*2)  Leaves  whitened  beneath,  2  to  5  inches 
long ;  extreme  east. 

Leaves    very    narrow ;    acorn    small, 

globose,  whitened  :  small  trees  on  dry  (Willow  Oak. 

sandy  boil.    (p.  107.) Barren  or  Upland 

Leaves  broader,  evergreen;  large  trees, 

on  the  coast,  with  a  long  acorn,    (p.  96.) Live  Oak. 

(2)  Leaves  more  or  less  lobed,  the  divisions 

tipped    with    a    bristle. — Ned    Oaks    and 
Black  Oaks. 
*1)  Leaves  with  a  leaf  stem   less  than  1  inch 
long. 
Leaves  broad,  3-lobed  at  the  top.    (p.  103.) Black-jack  Oak. 

Leaves  narrow,  i  to  1  inch  broad,  with 

shallow  lobes;  on  the  sea  coast,    (p.  106.) „ Laurel  Oak. 

Leaves  aV^out  2  inches  wide  with  3 
lobes  at  the  top  or  shallow  lol)ps  on 
the  sides ;  mountains Lea's  Oak^. 

Leaves  green  and  smooth  on  both 
sides    with    many    long,    often    curved 

iQuercus  leana,  Nuttall. 
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lobes ;    acorn  large ;    cap*  with   coarse, 

spreading    scales;     small    trees     with   (JACK  OR  Sand  Oak. 

rough,  gray  bark;  on  pine  barrens,  (p.  102.)..Pork-leaf  Black- 

^2)  Leaves  with   a   long  and  slender  leaf- 
stem,  1  to  3  inches  long,  green  beneath. 
Leaves    over  twice  as    long   as    broad, 

the  lobes  acute;  rare  ;  middle  section Bartram's  Oak^ 

Leaves  broader,  generally  not  twice  as 
long  as  broad  with  many  lobes  on 
each  side ;  large  trees. 

§)  With  deep  and  rounded  hollows  be- 
tween the  lobes  of  the  leaves ;  large 
trees. 

Light  gray  bark  on  limbs ;  nut  half 

covered   by   the    cup ;    common   on 

dry,  stiff    or  gravelly   soils ;    twigs 

brownish,    (p.  99.) Scarlet  Oak. 

With  dark  gray  bark  on  branches ; 

only  base  of    nut  covered    by  the 

cup ;     rare ;    along    streams  of    the 

middle  counties ;  twigs  steel-gray.  (p.  98.)..Texas  Red  Oak. 

§)  With  shallower,    acute   hollow8 
between  the  lobes  of  the  leaf. 
Leaves  downy  beneath ;  cup  cover- 
ing   half    of    the   large    nut ;    bark 

rough  and  black,    (p.  101.) Black  Oak. 

Leaves  smooth  beneath  ;    cup  very 
shallow ;     bark    striped,  dark,    and 

light  gray  ;  western,    (p.  97.) (Northern)  Red  Oak. 

"»3)    Leaves    whitened    beneath ;     leafstem 

slender ;  nut  small,  globular,    (p.  108.) Spanish  Oak. 

<3)  Leaves  more  or  less  lobed  or  toothed, 
the  divisions  rounded  and  not  bristle- 
tipped  ;  leafstems  less  than  1  inch  long  ; 
bark  gray,  furrowed  or  shaggy. —  White 
Oaks  and  ChesUmt  Oaks. 

Leaves  deeply  5  to  9-lobed;  nut 
nearly  covered  by  the  cup ;  in  the 

eastern  swamps,    (p.  92.) Ovkrcup  Oak. 

Leaves  deeply  5  to  7-lobed ;  cup 
ono-half  the  length  of  the  acorn  ; 

small  trees,  common  on  dry  soil.    (p.  91) Post  Oak. 

Leaves  7  to  9-lobed ;  cup  of  acorn 
shallow ;    large    trees ;    light    gray 

bark;  common,    (p.  89.) White  Oak. 

Leaves  thick  wijh  many,  rounded, 
shallow  lobes;  bark  deeply  fur- 
rowed ;    dry  soil ;    western ;    acorn 

very  large,    (p.  93.) RocK  Chestnut  Oak. 

Leaves  thin,  velvety  beneath,  with 
many  rounded,  shallow  lobes  ;  bark 
shaggy ;   8wamp«  and   river  banks 

eastward,    (p.  95.) Swamp  Chestnut  Oak. 

(c)  Leaves   more    than    8    inches    long,    sharply 
toothed  on  the  sides   and   with   prominent, 

iQuerctts  heteropbylla,  Michaux. 
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straight  veins ;  bads  scattered  along  the  twig, 
as  are  the  leaves. 

(1)  Buds  obliqae  to  the  axis  of  the  twig ; 
.  fruit  edible,  brown  nuts  enclosed  in 

a  prickly  burr. 

Leaves  over  6  inches  long,  green  both 

sides,    (p.  109.) ^ Chestnut* 

Leaves   about  4   inches   long,  white- 
downy  beneath ^ Chinquapin*. 

(2)  End    bud    long    and    slender,    silky, 

brown  ;    twigs  unpleasant  scented  ; 
leaves  about  10  inches  long;   fruit 

when  ripe  yellow  and  pulpy,    (p.  41.) Papaw. 

(/)  Leaves  about  4  inches  long,  veins  not 
straight  and  prominent,  evergreen,  thick, 
smooth,  dark  green,  irregularly  toothed, 
sharply  pointed ;  flowers  large,  white  ;  fruit 
a  woody  capsule;  small  tree  of  eastern 
swamps  with  a  straight  trunk,  not  forking 

and  narrow,  conical.top.    (p.  42.) Loblolly  Bay. 

(g)  Leaves  generally  less  than  3  inches  long  (with 
exceptions  under  U  1  and  2),  and  scattered 
along  the  twig  as  are  the  buds. 

(1)  LEAVES  NOT  TOOTHED  ON  THE  MARGIN,   2  TO  5  INCHES  LONG. 

Leaves  and  twigs  aromatic ;  fruit  a  deep 
blue  berry  on  a  red  stalk. 

Leaves  evergreen,  thick,  dark  green, 

hairy  beneath,  as  is  the  brownish 

twig ;  eastern  swamps,    (p.  94.) Red  Bay  or  Sweet  Bay*. 

Leaves  as  in  the  above,  but  smooth 

beneath,  as  are  th^  twigs ;    sandy 

sea  coast Smooth  Red  Bay. 

Leaves    often    2   or  3-lobed  ;    bark 

aromatic :    fields   and  fence    rows ; 

twigs  green Sassafras. 

Leaves  and  twigs  not  aromatic ;   fruit 
various. 

Leaves  thlckish,  smooth,  evergreen, 

narrowed  at  the  base;   fruit  many 

small  capsules  ;  small  trees  or  shrubs 

with    smooth,  thin,  brown    bark ; 

eastern  swamps,    (p.  47.) Cyrilla. 

Leaves  2  to  4  inches  long  ;  bark  not 

aromatic ;  fruit  a  small  blue  berry  ; 

common  throughout  the  State,    (p.  63.) Black  Gum» 

Leaves  4  to  6    inches  long;  rarely 

coarsely     toothed  ;     fruit    a     blue 

berry  I  inch    long ;    deep    eastern 

swamps,    (p.  65.) Tupelo  Gum. 

Leaves  about  2  inches  long,  thick, 
evergreen,  pointed  ;  flowers  white  ; 
fruit  a  black  one-seeded  cherry ; 
twigs  bitter  ;   Smith's  Island Mock  Orangb^. 

iCastanea  pumlla,  Linnaeus. 

sPersed  borbonla  pubescens  (Pursh)  nom.  nov. :  P.  pubescens,  Sargent,  Sylva,  vll,  p.  7 
(1895). 
sprunus  caroUniaua,  (Miller)  Alton. 
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Fruit  when  ripe  roundish,  yellow, 
pulpy  and  edible ;  astringent  when 
green,  the  4-lobed  calyx  persistent 
at  its  bac»e  ;  seed  severaK  flat ;  fields,    (p.  68.) Persimmon. 

(2)  LEAVES  LOBKD,  OR  TOOTHED  ON  THE  MARGIN. 

F^uit  pulpy  or  fleshy,  as  in  apple  or  cherry. 

Leaves  often  lobed ;  twigs  armed  with 
stout  thorns ;  fruit  a  small  sour  apple 
one  inch  in  diameter,  yellow  when 
ripe;  flowers  pink,  sweet-scented. 
2  kinds  of Crab  Apple". 

Leaves  variously  lobed  or  toothed, 
twigs  often  armed  with  long  slender 
thorDS ;  buds  verv  small ;  flowers 
white,  about  i  incn  in  diameter  in 
large,  flat- topped  clusters,  in  spring ; 
fruit,  berry-like,  orange  or  red,  in  clus- 
ters; small  trees  with  bark  of  trunk 
scaly  or  pealing  off  in  thin  sheets  or 

scaly several  kinds  of Red  (Haw)  Thorn*. 

Leaves  silky-hairy  beneath  ;  the  edible 
red  fruit  small  and  berry- like ;   bark 

.  smooth  and  white,    (p.  60.) Service  Tree. 

Bark  of  trees  bitter  to  taste ;  leaves 
smooth,  flnely  and  sharply  toothed ; 
fruit  one -seeded. 

Fruit  a  black  cherry ;  flowers  in  a 

drooping  raceme  at  the  end  of  the ' 

twig;  frequent,    (p.  59.) Wild  Black  Cherry. 

Fruit  a  red  cherry  ;  flowersj  in  slen- 
der,   long  Hteiumed    elubters    along 

the  sides  of  the  twig ;  occurs  only  on 

highest  mountains,    (p.  58.) Wild  Red  Cherry. 

Flowers  in   long-stemmed   clusters 

along  the  sides  of  twig ;  fruit  red  or 

yellow  when  ripe,  about  i  inch iong  ; 

seed  flattened ;  small  trees,  some- 
times with  thorny  branches  ;  flelds, 

waste  places  or  along  streams 

'. 2  kinds  of Wild  Plum». 

Bark  of  tree  often  with  corky  out- 
growths ;  fruit  a  small  1-seeded  sweet 
berry ;  leaves  thin  and  nearly  smooth, 
tapering  to  a  sharp  point,  unequal 
sided;  chiefly  along  streams,    (p.  bO.) Hackbbrry. 

Fruit  various^  eithef  a  nut  or  dry, 

A.  Leaves  over  three  times  as  long  as  broad, 

Leaves  green  beneath  and  not  hairy,  flnely 
toothed,  long  and-  narrow,  i  to  i  inch 
broad;  twigs  brittle,  yellow  or  red  ;  com- 
mon along  streams  and  wet  places,  except 
in  the  coastal  plain  where  it  is  largely 
replaced  by  the  next.    (p.  116.) Black  Willow. 


1  Pyrus  coronarla,  Linnseua  and  C.  anguatlfoUa,  Aiton. 

i  Species  of  Crategus. 

^Pmnos  amerlcana,  Mirshall  and  P.  angusrifoUa,  Marshall. 
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Like  the  above,   but  the   larprer   leaves, 

though  smooth,  whitened  beneath;  eastern Ward  Willow^ 

Leaves  whitened  beneath  with  a  fine 
down,  at  least  when  young ;  later  smooth 
but  white  ;  twigs  mostly  red  and  purple  ; 
small  slender  trees,  along  streams,  chiefly 

western  and  central Glaucous  Willow^ 

Twigs  with  no  bud  at  the  end,  tipped  by 
a  hard  point  or  white  flowers  or  fruit; 
leaves  8  to  4  inches  long,  finely  toothed, 
smooth,  acid  when  chewed,    (p.  66.) ~ Sourwood. 

A,  Leaves  less  than  three  times  as  long  a^  broad. 

Terminal  bad  over  \  inch  long  ;  fruit  a 
3-angled  nut,  bark  of  trunk  smooth, light 

gray ;  leaves  straight- veined,    (p.  111.) Beech. 

Small  trees  with  smooth,  light  gray  bark, 
fluted  trunk,  beech- like  leaves  and  hop- 
like clusters  of  fruity    bud  short;    very 

common  along  streams,    (p.  113.) Hornbeam. 

Leaves  3  to  4  inches  long,  sharp-pointed, 
downy  beneath,  as  is  the  leafstem  ;  flow- 
ers, white,  bell-shaped,  in  drooping  clus- 
ters; fruit  about  \  inch  long,  3-angled, 
the  angles  winged ;  usually  small  treeb 
with  striped  green  and  brown  branches ; 
along  streams  and  cool  hollows  in  the 
mountains,    (p.  70.) Snowdrop-trkb. 

Bark  of  small  limbs  peeling  off  in  thin 
papery  layers ;  flowers  in  catkins  in 
spring ;  fruit  cylindrical  in  shape,  1  inch 
long,  covered  with  green  bracts,  each 
with  a  seed  at  its  base  within. — Birches. 

Layers  of  bark  red  or  pinkish ;  leaves 

pale  beneath  ;  common  along  streams,    (p.  114.)....RiVER  Birch. 
Layers  of  bark  silvery  white;  trees  of 
highest  mountains.;    leaves    green  be- 
neath,   (p.  113.) Yellow  Birch. 

Bark  of  twig  having  the  taste  of  winter- 
green  (or  peppermint)  when  chewed; 
flowers  and  fruit  of  the  above ;  trees  of 

cool  mountains,     (p.  115.) Sweet  or  Cherry  Birch. 

The  remaining  native  forest  trees  all  have 
have  small  leaves,  from  1  to  2  inches  long 
long,  green  both  siden  and  flnely  and 
sharply  toothed.  They  are  either  elms  or 
elm-like  in  the  appearance  of  their  k>li- 
age,  and  it  is  difficult  to  give  accessible 
leaf-characters  for  their  identification. 

Twigs  yellowish  or  light  brown ; 
buds  minute,  sometimes  clustered ; 
fruit  a  small  scaly  nut ;  bark  smooth, 
dark  gray  ;  confined  to  the  lower 
Cape  Fear  section Planer  Tree*. 

Fruit   in    hop-like    clusters ;    small 

iSalix  longlpes  wardll  (Bebb>  nom.  nov. ;  8.  nigra  wardi,  Uebb,  Bui.  U.  S.  Nat.  Mus.  No. 
zxll,  p.  114. 
aSallz  discolor,  Muehlenburg. 
aPlanera  aquatlca,  Gmel. 
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trees,   with   sha^^gy,   brown     bark,     (beam  or  Ironwood. 

growing  on  rich  hillsides;  western,    (p.  112.) Hop-horn- 

Remaining  large  trees ;  fruit  a 
winged  seed  falling  in  spring 
before  the  leaves  appear;  exten- 
sively cultivated  for  shade  trees. 
—Elms. 

Twigs  very  hairy;  the  leaves  broadly 
oval,  rough  and  hairy ;  twigs  gummy 

when  chewed  ;  infrequent,    (p.  78.) Slippbry  Elm. 

Twig^  smooth ish ;  leaves  over  2 
inches    long,    but    slightly    rough; 

bark  on  large  trees  mostly  scaly,    (p.  76.) White  Elm. 

Twigs  smooth  ish ;  the  leaves  about 
2  inches  long ;  bark  on  large 
trunks  firm  and  furrowed  ;  the  bark 
of  twigs  often  corky  winged,    (p.  77.) Winged  Elm. 


III.  PALMS;  TREES  WITHOUT  LIMBS; 
Imited  in  this  State  to  the  Palmetto,  a 
small  tree  with  unbranched  stem  about  10 
inches  in  diameter  and  a  small  crown  of 
evergreen  leaves  two  feet  or  more  in  breadth ; 
found  only  along  the  coast  to  the  south  of 
Cape  Hatteras.    (p.  136.) Palmetto. 
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Magrnolia  foBtida,  Sarg<»nt.* 

(MAGNOLIA.) 

A  large  pyramidal  tree,  with  gray  or  light  brown  bark  covered 
with  small  thin  scales,  reaching  a  height  of  90  and  a  diameter  of 
4J  feet. 

It  occurs  southward  from  the  mouth  of  the  Cape  Fear  river, 
rarely  more  than  fifty  or  sixty  miles  from  the  coast,  to  Mosquito 
inlet  and  Tampa  bay,  Florida;  along  the  Gulf  coast  to  the  val- 
ley of  the  Brazos  river,  Texas ;  in  western  Louisiana  and  southern 
Arkansas,  and  on  the  bluffs  of  the  lower  Mississippi,  where  it 
reaches  its  best  development. 


In  North  Carolina,  where  it  grows  to  an  average  height  of  50 
to  70  feet,  it  is  found  rather  sparingly  in  Brunswick  county,  in 
the  sontheast  corner  of  the  State  (fig.  1),  growing  in  the  rich, 
moist  soil  of  river  swamps. 

It  reproduces  itself  rather  slowly  in  the  latitude  of  this  State, 

*MagnoUa  srrandlflora,  Linnaeus. 
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and  young  seedlings  are  very  rarely  found  in  the  forest,  although 
the  tree  flowers  and  matures  fruit  not  only  regularly  but,  for  the 
most  part,  abundantly  as  well. 

The  long  thick  leathery  evergreen  leaves  are  downy  underneath, 
and  remain  upon  the  tree  for  two  years.  The  fragrant  creamy- 
white  flowers  are  very  large  and  conspicuous,  often  7  or  8  inches 
across.  The  oval  fruit  is  rusty  brown  in  color,  3  to  4  inches  long 
by  li  to  2J  inches  broad.  The  winter-buds  are  thickly  covered 
with  dark  rusty  hairs.  The  roots,  finely  divided,  penetrate  the 
soil  to  a  moderate  depth. 

The  wood  is  moderately  hard,  close-grained,  not  strong,  easily 
worked,  not  durable  in  contact  with  the  soil,  and  is  as  valuable 
as  that  of  the  other  magnolias;  creamy-white  in  color;  the  thick 
sapwood  nearly  white.  Although  well  suited  for  cabinet  work 
and  interior  finish,  the  wood  is  little  used  except  for  fuel. 

Magrnolia  glauca,  Linnseus. 
(white  bay.     sweet  bay.     swamp  bay.) 

A  slender  tree,  with  gra^  branches  and  light  brown  small-scaled 
bark,  reaching  a  height  of  70  and  a  diameter  of  Si  feet. 

It  occurs  in  deep,  wet  swamps  as  far  north  as  Massachusetts, 
where  it  isTedueed  to  a  low  shrub,  and  extends  from  New  Jersey 
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southward,  generally  near  the  coast,  to  Florida,  where  it  reaches 
its  best  development,  and  southern  Texas.     It  is  not  found  in  the 
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Appalachian  mountains.  In  the  South  Atlantic  and  Gulf  states 
it  fornns,  with  the  loblolly  bay  and  red  bay,  low,  almost  impene- 
trable thickets  on  the  borders  of  pine  barren  ponds  and  shal- 
low swamps,  and  reaches  its  best  development  in  the  interior  of 
Florida. 

In  North  Carolina,  where  it  attains  an  average  height  of  12  to 
25  feet,  it  is  confined  to  wet  lands  or  the  margins  of  bodies  of  fresh 
or  salt  water  in  the  eastern  part  of  the  Piedmont  plateau  and  in 
the  coastal  plain  region  (fig.  2,  p.  34),  although  not  common  in 
the  former.  In  the  coastal  plain  region  there  are  two  well-marked 
forms,  dependent  upon  the  quality  of  the  soil ;  one,  a  tree  of  some 
size,  the  other  rarely  over  10  feet  in  height.  With  the  white 
cedar  it  forms  a  large  part  of  the  growth  of  the  "juniper  bays." 
Sometimes  after  the  white  cedar  has  been  cut,  and  nsnally  after 
these  swamps  have  been  burned,  thickets  of  this  bay  appear. 

Seed  is  borne  abundantly  every  year.  The  rate  of  growth  is 
fairly  rapid,  especially  in  youth.  Trees  of  all  ages  sprout  freely 
from  the  stumps,  and  shoots  usually  appear  after  a  tree  has  been 
killed  by  fire. 

The  oblong  leaves,  which  are  pale  green  above  and  white 
beneath,  are  partly  deciduous  in  this  State,  especially  toward  the 
Piedmont  platean.  The  pure  white  fragrant  flowers  bloom  in  May, 
and  the  dark  red  fruit  is  oval,  smooth,  2  inches  long,  and  1} 
inches  broad.  The  winter-buds  are  thickly  covered  with  fine  hairs. 
The  tree  has  a  superficial  root  system. 

The  wood  is  soft,  light,  close-grained,  and  not  strong;  light 
brown  in  color;  the  thick  sapwood  creamy-white.  It  is  occasion- 
ally used  for  broom  handles  and  woodenware.  A  tonic  and  diu- 
retic id  obtained  from  the  bark. 

Magnolia  aouminata,  Linnseus. 
(cucumber  tree.) 

A  tall  slender  tree,  with  furrowed  dark  brown  bark  broken  into 
numerous  thin  scales,  reaching  a  height  of  90  and  a  diameter  of 
5  feet. 

It  occurs  from  western  New  York  through  southern  Ontario  to 
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southern  Illinois,  and  southward  along  the  Appalachian  moun- 
tains to  southern  Alabama  and  northeastern  Mississippi.  It  grows 
sparingly  in  central  Kentucky  and  Tennessee,  and  in  portions  of 
Arkansas,  and  reaches  its  best  development  in  the  mountains  of 
Tennessee  and  the  Carolinas. 

In  North  Carolina,  where  it  attains  an  average  height  of  60  to 
80  feet  and  an  average  diameter  of  3  to  4  feet,  it  is  found  on  moist, 
fertile  soil  in  the  mountains,  and  rarely  as  far  to  the  east  of  the 
mountains  as  Stanly  county.  (Fig.  1,  p.  33.)  Seed  is  produced 
frequently  but  seldom  abundantly.  Though  young  seedlings  are 
common,  many  of  them  are  quickly  crowded  out  by  other  species 
when  the  mature  trees  are  removed.  Smaller  trees  sprout  from 
the  stump  to  a  limited*  extent.     Th6  rate  of  growth  is  rapid. 

The  rather  broad,  pointed  leaves  are  bright  green  above  and 
slightly  paler  below.  The  yellowish-green  flowers  appear  towards 
the  latter  part  of  May,  and  the  dark  red  fruit  is  oblong,  2  J  to  3 
inches  long  by  1  inch  broad.  The  winter-buds  are  densely  cov- 
ered with  silky  white  hairs. 

There  are  numerous  deep  lateral  roots  and,  rarely,  a  taproot. 

The  wood  is  soft,  satiny,  light,  not  strong,  close-grained  and 
durable;  light  yellow-brown  in  color;  the  thin  sapwood  often 
nearly  white.  It  is  used  for  water  pipes,  troughs,  flooring  and 
cabinetmaking.  This  tree  has  been  cut  to  a  large  extent  in  most 
of  the  mountain  counties  except  Alleghany,  Graham,  Mitchell, 
Clay,  Watauga,  Yancey,  Macon,  and  Swain. 

Magrnolia  macrophylla,  Michaux. 
(great-leaved  magnolia.) 

A  spreading  tree,  with  thin  smooth,  light  gray  bark  divided 
into  minute  scales,  reaching  a  height  of  50  feet  and  a  diameter  of 
20  inches. 

It  occurs  from  the  sheltered  valleys  about  the  base  of  the  Alle- 
ghany mountains  of  North  Carolina  and  southeastern  Kentucky, 
to  middle  and  western  Florida  and  southern  Alabama,  and  through 
northern  Mississippi  to  the  valley  of  the  Pearl  river  in  Louisiana, 
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and  in  central  Arkansas,  reaching  its  best  development  in  northern 
Alabama. 
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In  North  Carolina,  where  it  attains  a  height  of  15  to  30  feet,  it  is 
found  in  Lincoln  county  and  to  some  extent  on  the  French  Broad 
river  about  Asheville.     (Fig.  3.) 

It  bears  seed  in  large  quantities  at  frequent  intervals.  Few  years 
pass  without  some  mast.  Young  seedlings  are,  however,  uncom- 
mon in  the  dense  woods.  Young  trees  sprout  vigorously  when 
cut. 

The  leaves  are  very  large,  from  20  to  30  inches  long  and  9  to  10 
inches  broad,  and  are  clustered  at  the  summit  of  the  branches. 
The  white  fragrant  flowers  are  also  large,  and  the  bright  rose-col- 
ored fruit  is  broadly  egg-shaped  and  2J  to  3  inches  long.  The 
large  winter-buds  are  covered  with  thick  silky  white  hairs.  There 
are  strong  lateral  and  numerous  fibrous  roots. 

The  wood  is  hard,  close-grained,  light,  and  not  strong;  light 
brown  in  color;  the  thick  sapwood  light  yellow.  It  has  no  com- 
mercial value. 

Magrnolia  tripe taJa,  Linneeus. 

(umbrella    TREE.) 

A  small  tree,  with  irregular  branches,  and  smooth,  light  gray 
bark  marked  with  numerous  small  blister  like  excrescences,  reach- 
ing a  height  of  40  feet  and  a  diameter  of  18  inches. 
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It  occurs  along  the  Appalachians  from  Pennsylvania  to  central 
Alabama,  and  extends  in  the  south  Atlantic  states  nearly  to  the 
coast,  and  westward  to  middle  Kentucky,  Tennessee  and  north- 
western Mississippi,  and  central  and  southwestern  Arkansas.  It 
reaches  its  best  development  among  the  Smoky  mountains  of  Ten- 
nessee and  North  Carolina. 

In  North  Carolina,  where  it  attains  a  height  of  25  to  35  feet,  it 
is  found  on  rich,  moist,  deep  soil  throughout  the  State  (fig  3,  p. 
37)y  but  is  nowhere  common.  The  production  of  seed  is  frequent 
and  abundant,  and  seedlings  are  found  wherever  a  group  of  mature 
trees  occur.     It  is  easily  propagated  by  shoots  from  the  stump. 

The  large  thin,  oblong  leaves  are  clustered  at  the  ends  of  the 
branchlets.  The  conspicuous  white  flowers,  about  5  inches  in  diam- 
eter, appear  in  May.  The  bright  rose-colored  fruit  is  egg-shaped, 
3i  to  4  inches  long.  The  large  purple  winter-buds  are  covered 
with  a  whitish  bloom. 

The  wood  is  light,  soft,  weak^  close-grained  ;  brown  in  color ;  the 
heavier  sapwood  creamy-white.     It  has  no  commercial  value. 

Magnolia  fraseri,  Walter. 

(mountain    magnolia.       WAHOO.       INDIAN    BITTERS.) 

A  slender  tree,  with  regular  and  wide-ppreading  or  contorted 
branches,  and  dark  brown,  smooth  or  minutely  scaled  bark.  It 
reaches  a  height  of  40  feet  and  a  diameter  of  18  inches. 

It  occurs  from  the  mountains  of  southwestern  Virginia  to  south- 
ern Alabama  and  western  Florida,  and  westward  through  east 
Tennessee  and  northern  Mississippi  to  the  valley  of  the  Pearl 
river.  It  grows  in  the  valleys  of  mountain  streams,  and  reaches  its 
best  development  on  the  tributaries  of  the  Savannah  river,  and  on 
the  slopes  of  the  Black  and  Big  Smoky  mountains.  Locally  abun- 
dant, it  is  the  least  widely  distributed  of  the  American  magnolias. 

In  this  State  it  occurs  in  all  the  counties  west  of  the  Blue  Ridge 
and  in  the  western  parts  of  those  immediately  east  of  it.  It  is 
most  common  in  Ashe,  Mitchell,  Yancey,  Swain,  Macon,  Transyl- 
vania, and  Burke  counties.     (Fig.  2,  p.  34.) 
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Seed  is  prodnced  nearly  every  year  and  young  seedlinge  are 
abundant  in  the  woods.  Cattle  are  very  fond  of  the  yonng  plants. 
Old  trees  are  apt  to  be  hollow  at  the  bntt  and  not  uncommonly 
throughout  the  trunk. 

The  large  leaves,  which  are  crowded  at  the  end  of  the  braricb- 
let8,  are  smooth,  glossy,  pointed  at  the  apex  and  eared  at  the  base. 
When  fully  expanded  the  beautiful  cream-colored  flowers  often 
measure  8  or  9  inches  across.  The  bright  rose-colored  fruit  is 
oblong,  4  to  5  inches  in  length  and  li  to  2  inches  broad.  The 
large  winter-buds  are  purple. 

The  wood  is  light,  soft,  weak,  close-grained;  light  brown  in 
color ;  the  thick  sapwood  creamy-white.  It  has  no  commercial 
value. 

Liriodendron  tulipift^ra.  Linn»DB. 

(yellow  poplar,     tulip  tree,     whitewood.) 

A  large  tree  of  the  first  commercial  value,  with  a  small  pyram- 
idal head  and  brownish-gray  bark,  reaching  a  height  of  190  and  a 
diameter  of  10  feet.  The  trunk  is  straight  and  cylindrical,  and  in 
the  largest  specimens  often  free  from  branches  to  a  height  of  from 
80  to  100  feet.     (Plate  II.) 

It  occurs  from  Rhode  Island  to  southwestern  Vermont,  west  to 
the  southern  shores  of  Lake  Michigan,  and  south  to  northern 
Florida,  southern  Alabama  and  Mississippi,  and  southeastern  Mis- 
souri and  the  adjacent  parts  of  Arkansas;  reaching  its  best  devel- 
opment on  the  tributaries  of  the  Ohio  and  the  lower  slopes  of  the 
high  mountains  of  North  Carolina  and  Tennessee.  It  grows 
habitually  in  deep,  rich,  moist  soil.  Although  widely  distril)Uted, 
it  is  seldom  the  predominant  tree  in  the  forest. 

In  North  Carolina,  where  it  reaches  an  average  height  of  60  to 
100,  and  an  average  diameter  of  3  to  4  feet,  it  is  found  in  all  parts 
of  the  State.  (Fig.  4,  p.  40.)  In  the  coastal  plain  it  occurs  on 
fertile  soil  w'th  sweet  gum,  black  gum,  swamp  chestnut  oak,  and 
water  oak,  or  on  peaty  roil  with  the  white  cedar  (juniper).* 
Throughout  this  section  the  trees  are  apt  to  be  hollow ;  there  is  a 
larger  amount  of  sapwood,  and  the  timber  is  inferior  in  quality  to 
that  in  the  middle  and  western  -options.     In  the  Piedmont  plar 

^Chamaecyparis  thyoldes,  L. 
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teau  it  is  found  in  ravines  and  on  north  hillsides,  and  is  largely 
used  for  cabinetmaking  and  interior  woodwork.  It  is  most  abun- 
dant, attains  its  greatest  size,  and  forms  its  finest  timber  on  the 


lower  mountain  slopes  in  the  counties  west  of  the  Blue  Kidge, 
where  trees  8  to  10  feet  in  diameter  and  more  than  150  feet  high 
are  occasionally  found.  Throughout  this  region  it  is  the  chief 
building  material. 

Trees  growing  in  the  open  mature  seed  in  abundance  nearly 
every  year;  forest  trees  less  frequently.  Young  seedlings  are 
common  in  the  woods  and  grow  rapidly  if  not  heavily  shaded. 
Cattle  eagerly  devour* young  plants.  Although  trees  over  four 
feet  in  diameter  are  often  hollow  at  the  butt,  it  is  uncommon  to 
find  the  trunk  unsound  throughout.  The  quality  of  the  timber  is 
seldom  injured  by  wind  shakes. 

The  leaves  are  smooth,  bright  green,  4  lobed,  with  a  deep 
rounded  incision  on  either  side  and  a  broad  shallovv  notch  at  the 
apex.  The  greenish-yellow  tulip-shaped  flowers  appear  in  Mhj, 
and  the  fruit  is  a  narrow,  light  brown  cone.  The  dark  reddish 
winter  buds  are  covered  with  a  whitish  bloom. 

The  wood  is  light,  soft,  brittle,  not  strong,  close  and  straight- 
grained,  easily  worked,  and  does  not  split  or  shrink  easily  ;  yellow 
or  brown  in  color;  the  thin  sapwood  creamy-white.  The  yellow 
poplar  is  one  of  the  most  useful,  as  well  as  one  of  the  largest,  of 
American  deciduous  trees.     It  is  largely  used  for  construction,  in  te- 
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rior  finish,  boat  building,  shingles,  pumps,  and  woodenware.     A 
tonic  and  stimulant  is  made  from  the  inner  bark  of  the  root. 

Large  quantities  of  poplar  have  been  sawed  in  the  last  few 
years  in  eastern  North  Carolina  and  used  in  the  manufacture  of 
crates,  trncking  boxes,  etc.,  but  there  is  still  a  great  deal  of  tim- 
ber standing  in  the  counties  north  of  the  Neuse  river.  The  mer- 
chantable poplar  has  been  cut  for  the  most  part  in  the  midland 
connties.  It  has  been  estimated  that  about  500,000,000  feet  of 
merchantable  yellow  poplar  is  standing  in  the  mountains  of  west- 
ern North  Carolina.  This  is  principally  in  Ashe,  Alleghany, 
Watauga,  Mitchell,  Yancey,  Haywood,  Transylvania,  Swain,  Gra- 
ham, and  Macon  counties.  Asheville  is  the  chief  seat  of  the 
manufacture  of  poplar  lumber  ;  a  ureat  deal  is  manufactured  also 
at  Dillsboro,  Magnetic  City,  and  Cranberry.  Between  12,000,000 
and  13,000,000  feet  of  poplar  was  sawed  for  shipment  during  1892 
in  the  counties  west  of  the  Blue  Ridge,  and  half  as  much  more  for 
local  use. 

Asixnina  triloba,  Dunal. 

(PAPAW.) 

A  shrub  or  low  tree,  with  slender  spreading  branches  and  dark 
brown  bark  marked  with  large  ash-colored  blotches,  sometimes 
reaching  a  height  of  40  and  a  diameter  of  1  foot. 

It  occurs  from  western  New  York  and  the  northern  shores  of 
Lake  Ontario,  southward  to  central  and  eastern  Pennsylvania, 
westward  to  southern  Michigan,  southern  Indiana  and  eastern 
Kansas,  and  south  to  middle  Florida  and  eastern  Texas.  It  is 
comparatively  rare  toward  the  Atlantic  seaboard,  but  very  com- 
mon in  the  Mississippi  valley,  reaching  its  best  development  along 
the  tributaries  of  the  lower  Ohio  river  and  the  streams  of  central 
and  southern  Arkansas,  where  it  grows  in  deep  rich  and  rather 
moist  soil,  sometimes  to  the  exclusion  of  other  trees. 

In  North  Carolina  it  occurs  in  all  parts  of  the  State,  and  is  most 
abundant  in  the  northeastern  and  middle  sections  on  somewhat 
swampy  or  alluvial  lands,  where  it  reaches  an  average  height  of 
from  10  to  15  feet.     It  is  rare  in  the  sand  barrens  of  the  south- 
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eastern  part,  and  altogether  wanting  in  the  high  mountains.  It 
reprodnces  itself  freely. 

The  large  deciduous  leaves  are  sharp  pointed  at  the  apex  and 
contracted  at  the  base.  The  flowers,  which  are  nearly  2  inches 
across,  are  a  dull  deep  red  at  maturity.  The  edible  fruit  is  dark 
brown,  almost  black,  oblong,  rounded,  3  to  5  inches  long  by  1  to 
IJ  inches  broad,  and  from  6  to  12  ounces  in  weight. 

The  pointed  winter-buds,  i  of  an  inch  in  length,  are  covered 
with  rusty  brown  hairs. 

The  wood  is  light,  soft,  weak,  coarse-grained,  spongy,  with  the 
annual  layers  clearly  marked  ;  light  yellow  in  color ;  the  thin  sap- 
wood  somewhat  lighter. 

Qordonia  lasianthus,  Ellis. 
(bay.     bull  bay.     loblolly  bay.) 

A  medium  size  tree,  with  a  narrow,  compact  head,  and  dark 
red-brown  scaly  bark,  broken  into  regular  shallow  furrows  and 
parallel  rounded  ridges.  It  reaches  a  height  of  75  and  a  diameter 
of  2  feet ;  or  is  rarely  a  low  shrub. 

It  occurs  from  the  southern  part  of  Virginia  to  southern  Flor- 
ida and  westward  to  the  valley  of  the  Mississippi  river.  It  is 
most  common  in  Georgia  and  eastern  Florida,  reaching  its  best 
development  in  damp  situations. 

In  North  Carolina  it  occurs  in  the  coast  region,  where  it  reaches 
a  height  of  50  to  70  feet,  and  a  diameter  of  18  to  24  inches. 

It  bears  some  seed  nearly  every  year,  and  full  seed  years  are 
frequent.  Young  seedlings  are  common  throughout  the  range  of 
the  species. 

The  thick  dark  evergreen  leaves  are  oblong,  pointed  at  the 
apex  and  narrowly  contracted  at  the  base.  The  fragrant  white 
flowers  appear  late  in  summer;  and  the  fruit  is  a  woody,  egg- 
shaped  capsule.  The  narrowly  pointed  winter-buds  are  covered 
with  pale  silky  hairs. 

The   wood  is  light,  soft,  close-grained,  not  strong  or  durable  ; 
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light  red  in  color;  the  thick  sapwood  lighter.  It  is  occasionally 
need  for  cabinetmaking;  and  the  bark  has  been  locally  employed 
in  tanning. 

Tilia  americana,  Linneeus. 

(baSSWOOD.       LIN.       LINDEN.) 

A  tall  tree,  with  slender,  often  pendulous  branches,  and  thick, 
furrowed,  light  brown  bark  covered  with  small,  thin  scales.  It 
reaches  a  height  of  130  and  a  diameter  of  4  feet. 

It  occurs  in  rich  soil  from  northern  New  Brunswick  to  the  soiith- 
eru  shore  of  Lake  Winnipeg,  and  southward  through  the  Atlantic 
states  to  Virginia,  along  the  Appalachian  mountains  to  Alabama 
and  Georgia,  and  to  eastern  Texas.     It  reaches  its  best  develop- 


ment along  the  northern  tributaries  of  the  lower  Ohio  river.  One 
of  the  most  common  trees  of  the  northern  forest,  it  formerly  occu- 
pied exclnsively  large  tracts  of  the  richest  land. 

In  North  Carolina,  where  it  attains  a  height  of  50  to  80  and  a 
diameter  of  1  to  4  feet,  it  is  found  more  or  less  widely  distributed 
in  the  mountains  and  in  the  upper  part  of  the  Piedmont  plateau 
along  the  slopes  of  mountain  spurs  and  higher  hills,  while  in 
the  lower  Piedmont  and  coastal  plain  regions  it  is  found  sparsely 
distributed  as  a  smaller  tree.     (Fig.  5.) 

BasBwood  bears  seed  very  abundantly  every  2  or  3  years.  The 
young  growth  is  eagerly  devoured  by  cattle.     Specimens  over  2 
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feet  in  diameter  are  usually  hollow  at  the  butt  and  not  uncommonly 
through  the  entire  stem.  Stumps  of  trees  which  have  been  cut  or 
blown  down  sprout  vigorously.     Windfalls  are  frequent. 

The  large  thick  roundish  leaves  are  sharp-toothed,  narrow- 
pointed  at  the  apex,  and  unevenly  heart-shaped  at  the  base.  The 
■clusters  of  small  white  flowers  are  borne  on  an  oblong,  leaf-like 
bract,  and  the  fruit  is  egg  shaped,  about  J  inch  in  length  and  cov- 
ered with  short  gray  wool.  The  dark  red  winter-buds  are  stout, 
-egg-shaped,  and  pointed.  The  root  system  is  a  network  of  strong 
lateral  roots. 

The  wood  is  soft,  straight-grained,  not  durable;  light  brown  in 
<;olor  ;  the  thick  sapwood  hardly  distinguishable.  It  is  largely  used 
for  lumber,  and,  under  the  name  of  whitewood,  in  the  manufact- 
ure of  woodenware  and  furniture,  for  carriage-making,  and  for  the 
inner  soles  of  shoes.  I^  fe  ^^Sceiisively  used  for  p^per  pulp,  and 
occasionally  the  inner  b^r£i«*nade.into  coarse  cordage  and  matting. 

In  this  State  it  is  riot  sawed  into  lumber  to  any  considerable 
extent,  but  large  numberfrof  trees  are  cut  in  the  winter  that  cattle 
may  feed  upon  the  buds  and  twigs.  It  is  much  prized  by  apiarists 
because  the  clearest  honey  and  whitest  comb  are  made  from  its 
flowers. 

Tilia  pubescens,  Aiton. 

(southern    LIN.        LINDEN.) 

A  slender  tree,  with  a  large  oval  crown,  slender  gray  branches, 
Aud  rough  dark  bark,  reaching  a  height  of  60  and  a  diameter  of  2 
feet. 

It  has  been  found  as  far  north  as  Long  Island,  and  it  grows  in 
•cool,  moist  situations  on  the  coast  of  Xorth  and  South  Carolina  and 
Georgia,  in  northern  Florida,  Louisiana,  and  Texas.  It  is  not  a 
<5ommon  tree. 

In  North  Carolina,  where  it  reaches  a  height  of  50  to  60  feet,  it 
occurs  on  deep,  sandy,  fertile  soil,  usually  on  the  margins  of  swamps 
or  streams,  in  the  coastal  plain  region.  (Fig.  5,  p.  43.)  In  the 
Piedmont  plateau  region  it  occurs  rarely,  if  at  all. 

A  large  proportion  of  the  seed,  which  is  borne  frequently  and 
in  abundance,  is  unproductive,  and  seedlings  are  uncommon.  It 
sprouts  very  freely  from  the  stump. 
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The  leaves  are  covered  beneath  with  a  thin,  rusty  down.  The 
flowers  are  snnaller  than  in  the  preceding  specieB,  and  the  dry  glo- 
bose fruit  is  small,  pubescent,  and  usually  one-seeded.  The  winter- 
bnds,  which  are  covered  with  a  short,  fine  pubescence,  are  of  a 
dark  reddish-brown  color.  The  Southern  Hn  has  numerous  usually 
deeply  seated  lateral  roots. 

The  wood  is  similar  to  that  of  Tilia  americana,  of  which  this 
tree  has  been  considered  a  variety. 

Tilia  heterophylla,  Ventenat. 

(lin.     linden.) 

A  tree,  with  slender  branches  forming  a  pyramidal  head,  and 
farrowed  bark  broken  into  short  thin  light  brown  scales,  occa- 
sionally reaching  a  height  of  60  and  a  diameter  of  4  feet.  (Plate 

"I;i ._ 

jrowing  in  moist  soil,  often  over  limestone  rock,  it  occurs  from 
Pennsylvania  southward  along  the  Appalachians  to  northern  Ala- 
bama and  central  Florida,  and  westward  to  middle  Tennessee,. 
Kentucky,  and  southern  Indiana  and  Illinois;  and  reaches  its  best 
development  on  the  mountain  slopes  of  eastern  Tennessee.  It  is 
not  common. 

In  this  State,  where  it  reaches  an  average  height  of  40  feet  and 
an  average  diameter  of  12  to  18  inches,  it  is  most  common  in  the 
inonntains,  (fig.  5,  p.  43),  and  occurs  sparingly  in  the  Piedmont 
plateau  and  coastal  plain.  It  is  much  more  abundant  in  North 
Carolina  than  Tilia  americana,  and  bears  seed  more  frequently 
and  generally  in  greater  quantity.  It  is  readily  propagated  by 
shoots.  Unless  protected  the  low  growth  is  almost  immediately 
eate^  by  cattle. 

The  linden  borer,  Saperda  vestita,  Say,  bores  into  the  sapwood 
of  the  standing  tree. 

The  leaves  are  generally  larger  than  those  of  Tilia  americana, 
and  are  covered  on  the  lower  side  with  a  silvery  white  down. 
The  flowers  appear  earlier  in  the  spring,  and  the  round  fruit,  I 
inch  in  diameter,  is  covered  with  short  gray  down.  The  egg- 
shaped  winter-buds  are  bright  red,  covered  with  a  whitish  bloom. 
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The  wood  is  soft,  light,  straight-grained,  not  durable;  light 
brown  in  color;  the  thin  sapwood  hardly  distinguishable.  Com- 
mercially it  is  not  distinguished  from  the  wood  of  Tilia  americana. 

Ilex  opaca,  Alton. 

(holly,) 

A  small  tree,  with  short,  slender  branches,  which  form  a  pyra- 
midal head,  and  roughened  light  gray  bark,  reaching  a  height  of 
50  and  a  diameter  of  4  feet. 

At  the  north  it  grows  in  dry  gravelly  soil ;  at  the  south,  in  rich, 
moist  situations.  It  occurs  from  Massachusetts  to  Florida  ;  in  the 
valley  of  the  Mississippi  from  southern  Indiana  to  the  gulf  of 
Mexico;  and  through  Missouri,  Arkansas  and  Louisiana  to  eastern 
Texas.  It  is  common  south  of  the  Hudson  in  fertile  bottom  lands, 
except  in  the  Appalachian  region  and  just  west  of  it,  where  it  is 
exceedingly  rare;  and  reaches  its  best  development  in  southern 
Arkansas  and  eastern  Texas. 

In  this  State,  where  it  grows  to  an  average  height  of  30  feet, 
and  an  average  diameter  of  12  inches,  it  is  common  except  in  the 
mountains.  Specimens  growing  in  the  coast  region  are  much 
larger  than  those  found  further  inland. 

Fertile  trees  generally  bear  seed  every  year,  although  not  with 
uniform  abundance,  and  young  growth  is  common  in  open  spots. 
Old  trees  do  not  sprout  from  the  stump  as  readily  as  young  ones. 

The  oval  evergreen  leaves  are  thick,  leathery  and  armed  with 
spiny  teeth.  The  flowers  are  small  but  conspicuous  from  their 
number.  The  round  fruit  is  about  J  inch  in  diameter,  dull  red  or 
rarely  yellow  in  color,  and  remains  on  the  tree  during  the  winter. 
The  winter-buds  are  short,  blunt  or  pointed,  the  narrow-pointed 
scales  slightly  hairy  on  the  margins.  The  holly  has  a  tap-root 
and  numerous  lateral  roots. 

The  wood  is  light,  tough,  not  strong,  very  close-grained  ;  nearly 
white  in  color;  the  thick  sapwood  somewhat  lighter.  It  is  easily 
worked,  takes  a  beautiful  polish  and  is  much  used  for  cabinet- 
making,  interior  finish,  and  turning. 
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The  merchantable  holly  has  been  largely  cut  in  the  northeast- 
ern counties;  trees  large  enough  for  commercial  use  still  remain, 
however,  scattered  through  counties  on  the  coast. 

Oyrilla  raoemiflora,  Lionffiug. 

(iron WOOD.       LEATHER    WOOD.       BOXWOOD.) 

A  slender  tree,  with  numerous  wide-spreading  branches,  and 
bright  red- brown  scaly  bark,  reaching  a  height  of  35  feet  and  a 
diameter  of  14  inches;  or  often  a  broad  bush. 

It  occurs  in  various  situations  from  North  Carolina  southward 
Dear  the  coast  to  middle  Florida,  and  westward  to  eastern  Texas, 
reaching  its  best  development  on  the  coast  of  the  gulf  of  Mexico. 

In  this  State  it  is  found  usually  along  streams  and  swamps  from 
Hertford  county  southward,  its  western  limits  passing  through 
Halifax,  Wake,  and  Anson  counties. 

It  usually  produces  seed  very  abundantly  every  second  year, 
and  young  trees  and  seedlings  are  common  on  the  borders  of 
ftwamps  and  pine  barren  ponds.  Trees  are  frequently  hollow 
through  the  entire  stem,  even  when  quite  young,  generally  as  the 
result  of  a  broken  branch. 

The  small  thick  oblong  leaves  are  partly  evergreen  in  the 
extreme  eastern  part  of  the  State.  The  numerous  whitish  flowers 
appear  in  slender  racemes  in  the  early  part  of  summer,  and  the  very 
small  fruit  is  broadly  egg-shaped.  The  narrow-pointed  winter- 
buds  are  covered  with  chestnut-brown  scales.  The  roots  are  lateral 
and  superficial. 

The  wood  is  heavy,  hard,  weak,  close-grained  ;  light  brown  in 
color;  the  sapwood  a  little  lighter;  and  is  not  used  in  North 
Carolina. 

AesculuB  octandra.  Marshall. 

(buckeye,     sweet  buckeye.) 
A  large  straight  tree,  with  email,  rather  pendulous  branches 
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and  dark  brown  scalj'  bark,  reaching  a  height  of  90  and  a  diam- 
eter of  4  feet,  or  towards  its  southern  or  southwestern  limit 
reduced  to  a  low  shrub. 

It  grows  in  deep  fertile  soil  from  Pennsylvania  southward  along 
the  Alleghanies  to  northern  Georgia  and  Alabama,  and  westward 
to  southern  Iowa  and  Indian  Territory  and  western  Texas,  reach- 
ing its  greatest  development  in  the  Alleghany  mountains  of  Ten- 
nessee and  North  Carolina. 

In  this  State  it  occurs  as  a  tree  in  the  mountains,  and  in  the 
Piedmont  plateau,  where  it  is  reduced  to  a  mere  shrub. 

Trees  growing  in  the  open  produce  seed  nearly  every  year; 
forest  trees  less  frequently.  Seedlings  are  common  except  in  deep 
shade,  especially  in  the  Piedmont  plateau.  Young  trees  grow 
rapidly  if  suflSciently  exposed  to  the  light. 

The  buckeye  stem-borers,  Steganoptycha  claypoleana,  Fernald, 
and  Proteoteras  eesculana,  Riley,  penetrate  the  leaf-stems  and 
twigs.  Trees  over  2  feet  in  diameter,  particularly  in  very  damp 
situations,  are  apt  to  be  hollow  or  affected   with  dry  rot. 

The  leaves  are  composed  of  5  to  7  elliptical,  pointed,  sharply 
toothed  leaflets.  The  yellowish  flowers  appear  late  in  spring  in 
large  erect  clusters,  and  the  fruit  is  2  or  3  inches  long,  with  the 
reddish-brown  seeds  IJ  to  2  inches  broad.  The  winter-buds  are 
large  and  scaly. 

The  wood  is  light,  soft,  compact,  and  diflicult  to  split;  creamy- 
white  in  color;  the  sapwood  hardly  distinguishable.  Although 
one  of  the  commonest  trees  in  the  high  mountains,  it  has  but  few 
uses;  the  softness  of  the  wood  and  the  fact  that  it  decays  rapidly 
when  exposed  to  the  weather  or  in  contact  with  the  soil,  excludes 
it  from  construction.  It  is  sometimes  used  with  linden  for  ceil- 
ing and  other  interior  work. 

Acer  spicatum,  Lamarck. 
(mountain  maple,     swamp  dogwood.) 

A  small  bushy  tree,  with  slender  upright  branches  and  reddish- 
brown  bark,  reaching  a  height  of  30  feet  and  a  diameter  of  8 
inches. 
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Itoccnrs  in  the  shade  of  other  trees,  from  the  valley  of  the  St. 
Lawrence  westward  to  northern  Minnesota  and  the  Saskatchewan 
region,  and  southward  to  northern  Georgia;  reaching  its  best 
development  in  the  mountains  of  North  Carolina  and  Tennessee. 

In  this  State,  where  it  is  usually  a  shrub  6  to  10  feet  high,  it  is 
eoufitied  to  cold,  damp  places  in  the  high  mountains.  It  bears 
Beed  about  every  third  year ;  seedlings  are  not  common  ;  but  young 
sprouts  are  very  abundant  around  old  trees,  which  latter  are  usually 
hollow. 

The  leaves  are  3  or  rarely  5-lobed,  coar6ely  toothed  and  downy 
beneath.  The  greenish-yellow  flowers  are  in  erect,  slender  clus- 
ters. The.fruit  is  bright  red  in  July,  turning  brown  late  in  the 
antunm,  and  is  rather  more  than  an  inch  across.  The  winter-buds 
are  sharply  pointed.     The  root  system  is  superficial. 

The  wood  is  light,  soft,  close  grained,  compact;  light  brown  in 
color;  the  sapwood  being  much  lighter.  The  mountain  maple  does 
not  grow  large  enough  for  commercial  use. 

Acer  pennsylvanicum,  Linnffius.    * 
(striped  maVle.     swamp  dogwood,     deerwood.) 

A  small  tree,  with  slender,  upright  branches,  and  roughened 
reddish-brown  bark.  It  reaches  a  height  of  40  feet  and  a  diameter 
of  10  inches,  but  is  often  much  sinaller,  and  shabby  in  habit. 

It  occurs  from  the  valley  of  the  Saguenay  river  westward  to 
northeastern  Minnesota,  and  southward  to  northern  Georgia.  It 
is  common  in  the  northern  Atlantic  states,  but  reaches  its  best 
(ievelopraent  in  the  mountains  of  Tennessee  and  the  Carolinas. 

In  this  State  it  is  confined  to  the  coldest  and  dampest  parts  of 
the  high  mountains.  Seed  is  produced  annually  or  once  in  two 
years.  Small  trees  are  very  sensitive  to  fire,  but  when  burned 
sprout  readily  from  the  stump. 

The  leaves  are  large,  3-lobed  at  the  end,  and  sharply  toothed. 
They  are  much  eaten  by  cattle.  The  greenish  flowers  occur  in 
Wse,  drooping  racemes,  and  the  winged  fruit  is  smooth,  i  inch  in 
length.     The  bright  red  winter-buds  are  stalked. 

The  wood  is  light,  soft,  and  close-grained  ;  light  brown  in  color  ; 
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the  thick  sapwood  of  30  to  40  layers  of  annual  growth,  still  lighter. 
It  is  not  used  in  North  Carcilina. 


Acer  barbatum,  Micfaaux.* 
(sugar  maple,     sugar  tree,     rock  maple.) 

A  large  tree  of  great  commercial  valne,  with  a  broad  round  top 
when  old,  and  light  gray-brown  deeply  furrowed  bark,  reaching  a 
height  of  120  and  a  diameter  of  4  feet.     (Plate  IV.) 

It  grows  in  rich  woods,  often  forming  extensive  forests,  and  is 
most  abundant  in  the  mountains.  It  occurs  from  southern  New- 
foundland to  the  Lake  of  the  Woods,  southward  to  northern  Ala- 
bama and  western  Florida,  and  westward  to  Minnesota,  eastern 
Nebraska,  Kansas  and  Texas  ;  reaching  its  best  development  in  the 
region  of  the  great  lakes. 
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It  occurs  throughout  this  State,  growing  to  an  average  height 
of  from  50  to  80  feet  and  a  diameter  of  2  to  3  feet,  but  is  most  com- 
mon in  the  mountains.  It  is  a  small  tree  in  the  Piedmont  plateau 
and  reduced  to  a  mere  shrub  in  the  coastal  plain  region,  where  it 
is  confined  to  borders  of  streams  and  swamps.     (Fig.  6.) 

The  sugar  maple  bears  se^d  about  every  third  or  fourth  year. 
Seedlings  are  very  abundant  in  the  woods,  and  bear  dense  shade 
remarkably  well ;  they  spring  up  quickly  in  thinned  woods,  also, 
and  where  lumbering  has  been  in  progress. 

*Acer  saccharlnum,  Wagn. 
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Glycobius  speciosiiB,  Say,  a  borer  destroys  the  trees  by  girdling 
them  or  penetrating  the  wood,  and  young  specimens  are  killed  by 
a  timber  beetle,  Corthylus  punctatissimns,  Zimm.,  which  enters 
and  mines  the  stem  at  or  near  the  surface  of  the  ground. 

The  leaves  are  3  to  5-lobed,  with  rounded  notches,  heart-shaped 
at  the  base,  smooth  above,  and  glaucous  beneath  The  greenish- 
yellow  flowers  occur  in  umbel-like  clupters,  appearing  with  the 
leaves  in  the  spring.  The  winged  fruit  is  an  inch  in  length. 
The  purple  winter-buds  are  pointed,  J  inch  in  length.  The  sugar 
maple  has  a  tap-root  and  numerous  strong  lateral  roots. 

The  wood  is  heavy,  hard,  strong,  close-grained,  tough,  and  takes 
a  good  polish.  The  heartw^ood  is  light  brown  ;  the  thin  sapwood, 
of  30  or  40  layers  of  annual  growth,  somewhat  lighter.  It  is 
more  valuable  than  the  wood  of  any  other  American  majjle,  and 
is  largely  used  as  fuel,  for  interior  finish,  furniture,  and  turnery, 
in  ship-building,  for  the  handles  of  toajsf  KaddleHrees,  shoe-lasts, 
shoe-pegs.  Curled  and  bird's-eye  ,ihaple  are-  highly  prized  for 
cabinet  work.  Maple  sugar  is  produced  chiefly  from  this  tree, 
and  its  ashes  make  a  valuable  fertilizer. 

Acer  Baccharinum,  Liun»u8.* 
(silver  maple,     maple,     soft  maple.) 

A  large  tree,  with  upright  main  branches  and  pendulous 
branchlets,  and  reddish-brown  scaly  bark,  reaching  a  height  of 
120  and  a  diameter  of  4  feet. 

It  grows  in  rich  soil,  and  is  most  common  west  of  the  Alleghany 
mountains.  It  occurs  from  New  Brunswick  to  Ontario,  southward 
to  western  Florida,  westward  to  eastern  Dakota,  eastern  Nebraska, 
the  valley  of  the  Blue  river,  Kansas  and  the  Indian  Territory, 
reaching  its  best  development  in  the  basin  of  the  lower  Ohio  river. 

In  this  State,  where  it  is  not  very  common,  it  occurs  in  the 
upper  part  of  the  Piedmont  plateau  and  in  the  mountains  along 
streams  and  in  cool  situations,  and  attains  a  height  of  30  to  50 
and  a  diameter  of  1  to  2  feet. 

♦Acer  dasycarpuni,  Ehrh. 
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cheap  furniture,  wooden  ware,  cooperage  and  paper  pulp.     Maple 
sugar  is  occasionally  made  from  this  species. 

BobiDia  pseudacacia,  Linnseas. 

(locust.       black    LOCUST.       YELLOW    LOCUST.) 

A  slender  tree,  with  erect  brittle  branches  forming  an  oblong 
head,  and  deeply  furrowed  dark  brown  bark.  It  reaches  a  height 
of  80  and  a  diameter  of  4  feet. 

It  occurs  from  Pennsylvania  to  Georgia  along  the  Appalachian 
mountains,  growing  with  hickory,  black  walnut,  ash,  white  oak, 
and  the  chestnut ;  and  reaches  its  best  development  on  the  western 
slopes  of  the  mountains  in  West  Virginia.  It  has  been  natural- 
ized in  most  of  the  states  east  of  the  Rocky  mountains. 


In  this  State  it  occurs  on  the  lower  ridges  of  the  mountains, 
and  probably  for  some  distance  east  of  the  Blue  Ridge.     (Fig.  7.) 

Forest  trees  bear  seed  only  once  in  three  or  four  years.  In  the 
open  the  production  of  seed  is  more  frequent  and  seedlings,  which 
are  short-lived  in  the  shade,  more  common.  The  locust  is  readily 
propagated  by  root  suckt^rs,  and  trees  as  large  as  one  foot  in 
diameter  sprout  from  the  stump.  The  growth  is  rapid  in  youth  ; 
in  mature  trees  much  slower.  When  cut  in  the  forest,  it  is  usually 
succeeded  by  oaks  and  chestnut.  Old  trees  are  apt  to  be  hollow 
at  the  butt,  and  frequently  in  the  upper  part  of  the  stem,  frotn 
the  entrance  of  water  where  the  brittle  limbs  have  been  broken  oiT. 
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A  borer,  Cyllene  robiniae,  Forster,  destroys  the  valne  of  large 
trees  or  kills  them  entirely,  and  bark  beetles  often  kill  the  young 
plants.  The  timber  is  also  attacked  by  the  larvse  of  Xylesthia 
clemensella,  Chamb. 

The  leaves  consist  of  from  7  to  19  thin  ovate  leaflets.  The 
white  flowers  appear  in  April  in  large  drooping  clusters,  and  the 
bright  red-brown  fruit  is  a  stout  pod  3  to  4  inches  long.  The 
minute  naked  winter-buds  are  inconspicuous.  The  locust  has 
unmerous  superficial  lateral  roots. 

The  wood  is  heavy,  hard,  clo^^egrained,  and  very  durable  in 
contact  with  the  soil ;  brown  or  light  green  in  color;  the  very  thin 
sapwood,  of  2  to  3  layers  of  annual  growth,  pale  yellow.  It  is 
extensively  used  in  shipbuilding  and  for  treenails,  construction, 
posts,  and  other  purposes  where  durability  in  contact  with  the 
ground  is  desired.  It  is  excellent  fuel,  and  is  altogether  one  of 
the  most  valuable  timbers  of  the  American  forest.  The  bark  of 
the  root  is  tonic,  purgative,  and  emetic. 

Large  quantities  of  locust  have  been  cut  in  Jackson,  Macon, 
Swain,  and  Rutherfor^i  counties. 

Robinia  viscosa,  Ventenat. 
(clammy  locust) 

A  small  tree,  with  slender  spreading  branches  and  smooth  dark 
brown  bark,  reaching  a  height  of  40  feet  and  a  diameter  of  12 
inches. 

It  occurs  in  the  hi;^h  mountains  of  the  Carolinas,  and  has  be- 
come extensively  naturalized  east  of  the  Mississippi.  In  this 
State  it  is  found  on  Buzzard  ridge  in  Macon  county,  growing  as 
a  shrub  only  a  few  feet  high.  It  has  not  been  seen  growing  wild 
in  any  other  locality  since  the  time  of  Michaux. 

The  twigs  and  leaf-stftlks  are  covered  with  a  sticky  substance. 
The  rose-colored  flowers  are  in  short  rather  compact  clusters  and 
the  fruit  is  a  pod  2  to  3J  inches  in  length.  The  minute  winter- 
bnds  are  covered  up  in  the  scars  of  the  leaves  of  the  )»revious 
season. 
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The  wood  is  heavy,  hard,  close-grained,  and  brown  in  color ; 
the  thin  sapwood  light  yelfow. 

Cladrastis  lutea.  Kocb. 
(yellow  wood,     virgilia.     chittam.) 

A  tree,  with  branching  trunk,  wide-spread  pendulous  branches, 
and  smooth  silvery  gray  or  light  brown  bark,  reaching  a  height  of 
60  and  a  diameter  of  4  feet. 

It  occurs  in  central  Kentucky,  central  Tennessee,  on  the  moun- 
tains of  eastern  Tennessee  and  in  North  Carolina,  and  is  one  of 
the  rarest  and  most  local  trees  of  eastern  North  America.  It 
grows  generally  in  rich  soil,  and  reaches  its  best  development  near 
Nashville,  Tenn. 

In  this  State,  where  it  is  found  in  Swain,  Clay,  Macon,  and 
Cherokee  counties,  it  has  an  average  diameter  of  18  inches  and  a 
height  of  about  40  feet. 

Large  numbers  of  pods  are  borne  about  every  second  year,  but 
they  contain  many  abortive  seeds.  Seedlings  are  common  near 
old  trees,  when  cattle  are  excluded.  Numerous  sprouts  come  up 
around  old  trees  and  about  live  stumps. 

In  Clay  county  a  large  part  of  the* foliage  of  yellow  wood  is 
often  destroyed  in  the  early  fall  by  the  leaf  miner  insect. 

The  leaves  are  composed  of  7  to  11  broadly  oval  entire  leaflets 
placed  alternately  along  the  leaf  stalks.  The  white  flowers  are 
borne  in  long  terminal  drooping  racemes.  The  fruit  is  a  pod  li 
to  4  inches  in  length.  The  lustrous  brown  downy  winter-buds 
are  in  fours,  superposed,  and  crowded  together  to  form  a  cone. 
The  superficial  lateral  roots  are  long  and  very  tough. 

The  wood  is  heavy,  very  hard,  strong  and  close-grained  ;  bright 
clear  yellow  in  color ;  the  thin  sapwood  almost  white.  It  takes 
a  good  polisli,  is  used  for  fuel  and  gunstocks,  and  yields  a  clear 
yellow  dye. 

Gleditschia  triacanthos,  Liddsbus. 

(honey   locust.) 

A  large  tree,  with  slender  spreading  branches  and  dark  rough 
deeply  fissured  bark,reaching  a  height  of  140  and  a  diameter  of  6  feet. 
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It  occurs  from  Pennsylvania  westward  to  eastern  Nebraska, 
Kansas,  and  Indian  Territory,  southward  to  northern  Alabama^ 
Mississippi,  and  Texas,  reaching  its  best  development  in  southern 
Indiana  and  Illinois.  It  has  been  naturalized  east  of  the  Alle- 
ghany mountains,  growing  in  moist  fertile  soil,  or  less  commonly 
on  dry  gravelly  hills. 

The  honey  locust  is  scarcely- known  as  a  forest  tree  in  North 
Corolina.  Specimens  of  it,  however,  are  found  commonly  on  farms 
and  along  fences  in  the  Piedu.ont  plateau,  and  sparingly  in  the 
other  sections. 

It  bears  some  seed  every  year  and  a  large  amount  every  third 
year.  Seedlings,  whirsh  are  frequently  found  on  dry  ground  under 
old  trees,  grow  very  rapidly.  Sprouts  are  common  about  young 
specimens  and  appear  quickly  around  the  stumps  of  felled  trees. 

The  leaves  consist  of  numerous  small,  oblong,  remotely  toothed 
leaflets,  and  are  sometimes  doubly  pinnate.  The  inconspicuous 
greeuish  flowers  are  in  small  spikes,  and  the  fruit  is  a  dark  brown 
pod,  often  10  to  18  inches  in  len«j:th.  The  minute  winter-buds 
occur  three  or  four  together.  V'ery  sharp  and  rigid  three-forked 
or  simple  spines,  3  to  4  inches  long,  and  bright  chestnut-brown  in 
color,  are  very  i)lentiful  on  some  individuals  and  nearly  or  quite 
wanting  in  others.     The  phoney  locust  has  long  superficial  roots. 

The  wood  is  hard,  strong,  coarse-grained,  and  very  durable  in 
contact  with  the  gri)und  ;  red  or  bright  red  brown  in  color;  the 
Bapwood,  of  10  to  12  layers  of  annual  growth,  thin  and  pal^.  It 
is  largely  ufed  for  fencing,  for  the  hubs  of  wheels,  and  somewhat 
in  construction. 

Cercis  canadensis,  Linnieus. 

(rEDBUD.       JUDAS    TREE.) 

A  small  tree,  with  a*  short  trunk,  bright  red-brown  furrowed 
bark,  and  smooth  light  brown  or  gray  branches,  reaching  a  height 
of  50  feet  and  a  diameter  of  12  inches. 

It  is  found  from  New  Jersey  to  Florida,  Alabama  and  Missis- 
sippi, Indian  Territory,  Louisiana  and  Texas,  growing  on  the  bor- 
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ders  of  Bwamps  and  in  rich  bottom  lauds;  and  it  reaches  its  best 
development  in  southern  Arkansas,  Indian  Territory,  and  eastern 
Texas. 

In  North  Carolina,  where  it  attains  a  height  of  15  to  25  feet, 
it  occurs  in  the  coastal  plain  and  Piedmont  platean  regions. 

The  dark  green  glossy  leaves  are  broadly  ovate,  pointed  at  the 
apex,  and  truncate  or  heart-shaped,  at  the  tase.  The  conspicuous 
bright  purplish-red  flowers  are  in  cluster*  along  the  branches,  and 
appear  before  or  with  the  leaves  in  early  spring  The  fruit  is  an 
oblong  compressed  many-seeded  pod,  from  2J  to  3J  inches  long. 
The  winter-buds  are  blunt  and  chestnut-brown  in  color. 

The  wood  is  rather  coarse-grained,  heavy,  hard,  and  not  very 
strong.  Its  color  is  a  rich  dark  brown,  tinged  with  red  ;  the  thin 
sapwood  lighter. 

Prunus  penasylvanica,  Linnseus. 

(wild  red  CHERRY.   TIRE  CHERRY.   BIRD  CHERRY. 
PERUVIAN.) 

A  small  tree,  with  slender  branches,  a  narrow  head  and  smooth 
reddish-brown,  or  in  old  trees,  dark  red-brown  scaly  bark.  It 
reaches  a  height  of  30  to  40  feet  and^  a  diameter  of  12  to  18 
inches  ;  but  at  its  northern  and  western  limits  it  is  a  low  shrub. 

It  occurs  from  Newfoundland  to  British  Columbia,  south 
through  the  northern  states  to  Pennsylvania,  Michigan,  Illinois, 
and  Iowa,  on  the  •eastern  slopes  of  the  Rocky  mountains  in  Col- 
orado, and  along  tlie  Alleghany  mountains  of  North  Carolina  and 
Tennessee;  and  readies  its  best  development  on  moist,  rather  rich 
soil,  in  the  Big  Smoky  mountains  of  Tennessee.  It  often  takes 
possesbion  of  groiind  which  has  been  cleared  by  fire. 

In  North  Carolina  it  is  confined  to  damp  situations  on  the  slopes 
of  high  mountains,  above  an  elevation  of  8,500  feet.     (Fig  8,  p.  59) 

It  bears  seed  in  great  abundance,  and  usually  every  year.  After 
spruce  or  Carolina  balsam,  or  sometimes  beech  and  maple  forests, 
have  been  burned,  a  growth  of  fire  cherry  often  springs  up,  but 
it  is  apt  to  be  replaced  by  the  original  growth  in  about  forty 
years,  which  is  the  average  length  of  life  for  this  tree. 

The  oblong,  sharply  pointed  leaves  are  finely  toothed,  shining 
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green  and  smooth  on  both  sides.  The  white  flowers  appear  late 
in  the  spring  in  numerous  clusters,  and  the  fruit  is  small,  round 
and  bright  red. 

The  light,  soft,  close-grained  compact  wood  is  light  brown  in 
color;  the  sapwood  a  clear  yellow. 

Prunus  serotina,  Ehrhardt. 
(wild  black  cherry.) 

A  tree  of  the  first  commercial  importance,  with  small  horizontal 
branches  and  dark  red-brown  scaly  bark,  reaching  a  height  of  100 
feet  and  a  diameter  of  5  feet.     (Plate  V.) 

It  occurs  from  Nova  Scotia  to  Tampa  Bay  in  Florida,  and  west- 
ward to  the  Missouri  river  in  Dakota,  eastern  Nebraska  and  Kan- 
sas, Indian  Territory  and  Texas,  and  is  found  also  in  southern  New 
Mexico  and  Arizona,  and  in  parts  of  Mexico,  Central  and  South 
America.  It  reaches  its  best  development  on  the  high  slopes  of 
the  Alleghany  mountains.  It  was  once  common  in  all  the  Appa- 
lachian region,  growing  with  the  white  oak,  the  white  ash,  the 
green  ash,  the  sugar  maple,  the  yellow  buckeye,  the  hickories  and 
the  black  birch. 


In  this  State,  where  it  attains  an  average  height  of  60  to  80  and 
a  diameter  of  2  to  3  feet,  it  occurs  through  all  parts  of  the  State, 
but  is  less  common  in  the  coastal  plain,  where  the  soil  and  climate 
are  not  so  favorable  to  its  growth.  It  reaches  its  best  dimensions 
on  the  rich  cool  slopes  of  the  mountains.     (Fig.  8.) 
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Forest  trees  bear  fruit  abundantly  about  every  third  or  fourth 
year;  trees  growing  in  the  open  more  frequently.  Seedlings  are 
common  in  moist,  rather  open  situations.  In  the  higher  moun- 
tains, where  only  it  grows  large  enough  to  be  of  economic  impor- 
tance, trees  over  three  feet  in  diameter  are  apt  to  be  hollow  or  red- 
hearted.  Old  trees  are  often  shaky.  After  lumbering,  the  black 
<5herry  is  frequently  followed  by  birch,  ash,  spruce,  and  maple. 

Clisiocampa  americana,  Stretch,  the  tent  caterpillar,  destroys 
the  young  trees  by  denuding  them  of  their  foliage. 

The  leaves  are  oblong,  smooth,  taper-pointed,  and  nnely-serrate 
with  short  incurved  teeth.  The  flowers  appear  in  late  spring  in 
long,  slender,  drooping  racemes;  and  the  fruit  is  bitter,  nearly 
black  when  ripe,  and  from  J  to  i  inch  in  diameter.  The  blunt 
oi  pointed  winter-buds  are  bright  chestnut-brown. 

The  wood  is  light,  strong,  rather  hard,  with  a  close  straight 
grain  ;  light  brown  or  red  in  color ;  the  thin  sapwood,  of  10  or  12 
layers  of  annual  growth,  yellow.  It  takes  a  beautiful  polish,  and 
no  other  North  American  wood  is  more  suitable  for  cabinet-mak- 
ing and  fine  interior  finish.  The  largest  and  best  trees  in  all  parts 
of  the  country  have  already  been  cut.  The  bark  yields  tonics  and 
sedatives. 

There  are  onlv  a  few  bodies  of  fine  trees  still  standinar  in  west- 
ern  North  Carolina.  They  are  situated  principally  in  Mitchell, 
Yancey,  Swain  and  Macon  counties. 

Amelanchier  canadensis,  Medicus 
(service  tree,     shad  bush,     wild  currant.) 

A  small  tree,  with  a  tall  trunk,  smnll  spreading  branches,  and 
pale  red-brown  scaly  bark,  reaching  a  height  of  50  feet  and  a 
diameter  of  18  inches. 

It  occurs  from  Newfoundland  along  the  shores  of  the  Great 
Lakes,  southward  to  northern  Florida,  and  westward  to  Minnesota, 
eastern  Nebraska,  eastern  Kansas,  Louisiana,  and  southern  Arkan- 
sas; reaching  its  best  development  in  the  mountains  of  North 
Carolina  and  Tennessee. 

In  the  coastal  plain  region  of  North  (Carolina  it  is  hardly  more 
than  a  shrub,  and  is  known  as  wild  currant.     It  reaches  its  largest 
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size  on  the  shaded  slopes  of  the  mountains,  where  it  is  called 
service  tree. 

About  every  third  year  this  tree  bears  fruit  in  large  quantities; 
during  intermediate  years,  sparingly  or  not  at  all.  Seedlings  are 
common  in  moist  and  shady  woods. 

The  leaves  are  small,  finely  toothed,  acute  at  the  apex  and 
rounded  or  heart-shaped  at  the  base.  The  white  flowers  appear 
in  drooping  racemes  in  early  spring.  The  sweet  edible  rounded 
fruit  is  dark  purple  when  ripe,  and  from  i  to  i  inch  in  diameter. 
The  pale  chestnut-brown  pointed  winter-buds,  i  inch  long,  are 
covered  with  slightly  hairy  scales.  The  service  tree  has  numerous 
superficial  lateral  roots. 

The  wood  is  heavy,  exceedingly  hard,  strong  and  close  grained  ; 
dark  brown  in  color;  the  thick  sapwood,  of  40  to  50  layers  of 
annual  growth,  lighter.  It  takes  a  good  polish,  and  is  occasionally 
nsed  for  the  Iiandles  of  tools. 

In  North  Carolina  the  wood  has  few  uses;  large  numbers  of 
trees,  however,  are  cut  every  year  for  the  fruit. 

Liquidambar  styraciflua,  Linnaaus. 
(sweet  gum.     red  gum.) 

A  large  tree,  with  straight  cylindrical  trunk,  dark  deeply  fur- 
rowed bark,  and  branches  often  winged  with  corky  ridges.  It 
reaches  a  height  of  140  and  a  diameter  of  5  to  6  feet. 

It  occurs  from  Connecticut  to  Missouri,  south  to  Central 
Florida  and  westward,  through  Arkansas  and  Indian  Territory, 
to  Texas,  reaching  its  best  development  in  the  bottom  lands  of  the 
Mississippi  basin.     It  is  common  in  low  wet  situations. 

In  this  State,  where  it  attains  an  average  height  of  about  60 
and  an  average  diameter  of  2  to  3  feet,  it  is  common  in  moist  situ- 
ations from  the  coast  to  the  mountains.  (Fig-  9,  p.  62.)  West  of 
the  Blue  Ridge  it  is  sometimes  found  south  of  the  French  Broad 
river.  It  is  in  the  coastal  plain  that  it  attains  its  largest  dimen- 
sions, growing  frequently  in  deep  swamps  with  the  black  gum  and 
cypress,  to  a  diameter  of  5  or  6  feet  and  height  of  one  hundred 
feet. 
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Sweet  gnin  hears  fruit  annually  or  every  other  year,  hut  much 
of  the  seed  is  ahortive.  Younor  seedlings  are  common  on  damp 
hillsides  and  hotlom  lands  that  have  been   cleared,   they   are  also 
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frequent  in  damp  pine  woods,  where,  however,  they  seldom  develop 
into  large  trees.  After  sweet  gum  has  been  cut  a  thick  growth 
of  the  same  species  usually  springs  up  together  with  yellow  pop- 
lar, white  oak  and  maple.  The  largest  specimens  are  frequently 
hollow  at  tlie  butt.     This  tree  sprouts  freely  from  the  stump. 

The  smooth  shining  leaves  are  deeply  5  to  7-cleft  with  sharp 
pointed  finely  toothed  divisions.  The  inconspicuous  flowers  occur 
in  early  spring.  The  fruit  is  a  long  stalked,  globular,  dry,  rough 
head,  hanging  on  the  tree  through  the  \vinter.  The  acute  ovate 
winter-buds  are  dark  brown  in  color. 

The  sw^eet  gum  has  a  very  large  and  long  tap-root,  as  well  as 
long  superficial  roots. 

The  wood  is  heavy,  hard,  not  strong,  rather  tough,  close-grained, 
and  liable  to  w^arp  and  shrink;  bright  brown  in  color;  the  sap- 
wood  nearly  white.  It  takes  a  good  polish  and  is  used  for  floor- 
ing, clapboards,  cabinet  work,  veneering,  barrels,  and  street 
paving.  The  balsamic  exudation  is  sometimes  employed  in  cases 
of  catarrh  and  as  an  ointment. 

Only  an  inconsiderable  quantity  has  been  sawed  in  the  State, 
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bat  it  is  now    being   largely    used    for  the  mannfactur©  of  crates 
baskets,  veneering,  barrels,  etc. 

Gomus  florida,    Linnoius. 
(dogwood,     flowering  dogwood,     boxwood.) 

A  small  tree,  with  flattened  spreading  top  and  rough  blackish 
bark,  reaching  a  height  of  40  feet  and  a  diameter  of  18  inches. 

It  is  common  in  rtch  woods  from  southern  New  England  west  to 
southern  Ontario,  and  south  to  Florida  and  eastern  Texas. 

In  this  State,  where  it  reaches  an  average  height  of  12  to  20 
feet,  it  occurs  throughout.  In  the  coastal  plain  it  forms  a  lower 
story  under  the  long-leaf  pine.  In  the  Piedmont  plateau  and 
mountain  region  it  grows  under  oaks,  hickories  and  yellow  poplar. 

Dogwood  generally  bears  fruit  abundantly  every  year,  and 
young  seedlings  are  common  in  open  woods,  and  in  mixed  coppice 
woods  on  moist  soil.  When  once  started  it  bears  a  deep  shade. 
The  acute  ovate  leaves  are  o])posite  and  often  somewhat  clustered 
toward  the  ends  of  the  branchlets.  The  flowers  occur  in  a  head 
surrounded  by  4  white  bracts,  which  make  the  cluster  appear  like 
a  single  large  flower,  and  the  bright  red  oval  fruit  grows  in» 
bunches.  The  awl-shaped  leaf-buds,  as  well  as  the  twigs,  are  pur- 
plish and  covered  with  a  whitish  bloom.  The  rounded  flattened 
grayish-brown  flower-buds  replace  the  terminal  buds  on  the 
fertile  branches.     The  dogwood   has  numerous  long  lateral  roots. 

The  wood  is  hard,  heavy,  strong,  close-grained,  and  tough ;  brown 
in  color  ;  the  sapwood  lighter.  It  takes  a  beautiful  polish,  and  is 
extensively  used  for  turnery,  w^ood  engraving,  the  bearings  of 
machinery,  the  hubs  of  wheels,  barrel  hoops,  shuttles,  spindles, 
etc.     The  bark  yields  a  tonic. 

Large  quantities  have  been  cut  in  the  eastern  and  central  sec- 
tions of  the  State,  along  the  railroads,  and  manufactured  into 
spindle,  shuttle,  and  shoe-last  blocks,  but  the  supply  has  by  no 
means  been  exhausted. 

Nyssa  Bylvatica,  Marshall. 
(black  gum.     sour  gum.) 
A  large  tree,  with  horizontal  branches  and  short  spur-like  lateral 
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branchlets,  reaching  a  height  of  100  and  a  diameter  of  5  feet. 
The  bark  is  deeply  cut,  light  brown,  often  tinged  with  red^or,  as 
in  some  large  specimens  in  the  coastal  plain  region  of  this  State, 
scaly  or  nearly  smooth,  dark  brown  or  black. 

It  occurs  from  Maine  and  Vermont  to  central  Michigan,  and 
southward  to  Tampa  bay,  Florida,  and   the  Brazos   river,  Texas. 

In  North  Carolina,  where  it  has  an  average  height  of  50  to  60 
feet  and  an  average  diameter  of  about  2  feet,  it  occurs  in  the 
swamps  and  wet  lands  of  the  coastal  plain  and  Piedmont  plateau, 
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and  in  the  mountains  up  to  an  elevation  of  3,000  feet,  along  dry 
ridges  with  red  and  white  oaks  and  chestnut.  In  the  eastern 
sections,  with  the  sweet  gum  and  water  ash,  it  forms  a  large  part 
of  the  growth  of  the  deeper  swamps,  and  there  reaches  its  largest 
size  within  the  State.     (Fig.   10.) 

It  produces  seed  plentifully  once  in  two  or  three  years,  and 
young  seedlings  appear  in  moist  open  woods  and  on  cypress  lands 
after  lumbering.  Large  trees  are  apt  to  be  hollow  at  the  butt  and 
frequently  through  the  whole  stem.  The  black  gum  sprouts 
readily  from  the  sti'imp. 

The  rather  thick  shining  leaves  are  oblong,  pointed  and 
usually  entire.  The  greenish  flowers,  which  appear  after  the 
leaves  in  spring,  are  inconspicuous,  and  the  bluish-black  oval 
fruit  is  about  J-inch  long.  The  dark  brown  conical  buds  are 
slightly  thicker  than  the  smooth  flexible  twigs.  The  black  gum 
has  deeply  seated  lateral  and  numerous  superficial  roots. 
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The  wood  is  heavy,  strong,  soft,  very  tough,  and  hard  to  split 
and  work,  inclined  to  check,  and  not  durable  in  contact  with  the 
soil ;  light  yellow  or  nearly  white  in  color ;  the  thick  sapwood 
lighter,  often  hardly  distinguishable.  It  is  used  for  the  hubs  of 
wheels,  rollers  in  glass  factories,  ox  yokes,  and  piles. 

Very  little  has  been  cut  in  this  State  for  lumber.  In  the  last 
few  years,  however,  it  has  been  coming  into  use  as  a  cheap  mate- 
rial for  boxes  and  trucking  barrels. 

Nyssa  Brquatiea,  Marshall. 

(TUPELO    OUM.) 

A  large  tree,  with  dark  brown,  deeply  furrowed,  or,  in  old  speci- 
mens, scaly,  smoothish  bark,  reaching  a  height  of  100  and  a 
diameter  of  4  feet. 

It  occurs  from  southern  Virginia  to  Georgia,  through  the  Gulf 
states  to  Texas,  and  through  Arkansas  and  southern  Missouri  to 
Illinois;  reaching  its  best  development  in  the  cypress  swamps  of 
western  Louisiana  and  southeastern  Texas. 

In  this  State  it  is  confined  to  the  deep  swamps  of  the  coastal 
pl/tin,  where  it  grows  with  cypress,  water  ash  and  black  gum, 
attaining  a  height  of  80  and  a  diameter  of  4  feet  above  the 
trumpet-shaped  base.     (Fig.  10,  p.  64.) 

Seed  years  are  frequent.  Young  trees  are  common  along  moist> 
deep  swamps,  in  open  woods,  and  in  spots  where  the  cypress  has 
Wn  removed.  The  large  swollen  butt,  8  to  15  feet  in  diameter, 
is  nsaally  hollow,  and  there  is  frequently  also  a  hollow  in  the  top 
of  the  stem,  where  a  branch  has  been  broken  off.  The  middle  of 
the  trunk  is  nearly  always  sound. 

The  leaves  are  larger  than  in  the  preceding  species,  dark  green 
and  smooth  above  and  somewhat  downy  below.  The  yellowish- 
green  flowers  appear  in  March  and  April.  The  oblong  fruit  is 
dark  purple  and  an  inch  or  more  in  length.  The  smooth  light 
brown  terminal  buds  are  nearly  round,  the  lateral  buds  minute. 
The  twigs  are  slightly  angular,  light  brown  and  smooth,  and  much 
thicker  than  those  of  the  black  gum.  There  are  numerous  lateral 
and  superficial  roots. 
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The  wood  is  light,  soft,  not  strong,  close-grained,  compact, 
nnwedgeable,  and  light  brown  or  nearly  white  in  color.  It  is  nsed 
for  turning,  woodenware,  broomhandles,  and  wooden  shoes.  The 
roots  are  sometimes  used  as  a  substitute  for  cork  for  net  floats. 
The  wood  has  only  a  few  local  uses  in  North  Carolina. 

Oxydendron  arboreum.  De  Candolle. 

(SOURWOOD.        SORREL  TREE.) 

A  small  tree,  with  pendulous  branches  and  deeply  furrowed 
gray-brown  bark,  reaching  a  height  of  60  feet  and  a  diameter  of  20 
inches. 

It  grows  usually  in  rather  dry  soil,  and  occurs  from  western 
Pennsylvania  along  the  Alleghany  mountains  to  western  Florida 
and  Mobile  bay,  westward  to  middle  Tennessee,  and  through  the 
northern  portions  of  the  Gulf  states  to  western  Louisiana.  It 
attains  its  best  development  in  eastern  Tennessee. 

In  North  Carolina,  where  it  reaches  a  height  of  50  to  60  feet 
and  a  diameter  of  12  to  15  inches,  it  is  rare  (and  usually  a  shrub) 
in  the  coastal  plain,  not  uncommon  in  the  Piedmont  plateau,  and 
most  abundant  in  the  lower  parts  of  the  mountains.  It  reaches 
its  largest  size  on  the  eastern  slopes  of  the  Blue  Ridge. 

The  sour  wood  bears  seed  prolifically  and  for  the  most  part 
every  year.  Young  seedlings  are  usually  very  abundant,  espe- 
cially in  rather  dry  woods  which  have  been  tliinned.  Sprouts 
grow  readily  from  the  stump,  but  do  not  attain  a  very  large  size. 
Trees  over  10  inches  in  diameter  are  usually  hollow. 

The  small  rounded  fruit  is  in  large  loose  clusters.  The  oblong 
pointed  leaves  are  acid,  whence  the  name.  The  flowers  and  fruit 
occur  in  loose  drooping  panicles,  7  to  8  inches  long.  The  red  win- 
ter-buds are  very  small,  and  the  flexible  twigs  are  mahogany-red 
in  color.  The  sour  wood  has  numerous  lateral  roots.  This  tree 
is  especially  prized  on  account  of  the  delicious  transparent  honey 
made  from  the  flowers. 

The  wood  is  heavy,  hard,  very  close-grained,  compact,  brown 
in  color;    the   sapwood  somewhat Jighter.     It  takes  a  beautiful 
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polish,  and  is  used  for  the  handles  of   tools,   bearings  of  niachin- 
erj,  etc. 

Kalznia  latifolia.  Linnseus. 

(laurel,     ivy.     wicky.) 

A  small  evergreen  tree,  with  short  crooked  branches,  and  dark 
reddish-brown  furrowed  bark,  the  narrow  ridges  separating  into 
long  scales.  It  reaches  a  height  of  40  feet  and  a  diameter  of  20 
inches. 

It  occurs  in  rich  woodlands  from  New  Brunswick  and  Lake 
Erie  to  western  Florida,  and  through  the  Gulf  states  to  western 
Louisiana  and  the  valley  of  the  Red  river,  Arkansas  ;  reaching  its 
best  development  in  the  southern  Alleghany  mountains,  where  it 
often  forms  dense  impenetrable  thickets. 

In  this  State,  where  it  grows  to  an  average  height  of  10  to  15 
feet,  it  is  most  abundant  in  the  mountains,  but  occurs  in  the  Pied- 
mont plateau,  and  extends  into  the  coastal  plain  region. 

The  laurel  bears  seed  every  year,  and  for  the  most  part  in 
abundance.  Young  seedlings,  in  all  stages  of  growth,  are  com- 
mon in  moist  open  places  in  the  mountain  region,  and  above  3,000 
feet  on  rather  dry  soil.  The  fires  which  are  frequent  on  these  dry 
ridges  are  very  destructive  to  both  young  and  old  plants,  but  the 
laurel  sprouts  so  freely  from  the  stump  that  it  often  takes  exclu- 
sive possession  of  areas  subject  to  repeated  fires. 

The  evergreen  leaves  are  thick,  smooth,  entire,  acute  at  the 
apex  and  contracted  at  the  base.  The  white  or  pink  flowers  are 
produced  in  conspicuous  clusters  at  the  ends  of  the  branches,  and 
the  rounded  fruit  set  with  sticky  hairs  is  ripe  in  September.  The 
winter-buds  are  small,  oblong,  and  greenish.  The  roots  consist  of 
many  large  knots  and  burls,  from  which  strong  lateral  roots 
diverge. 

The  wood  is  heavy,  hard,  strong,  brittle,  close-grained,  and  com- 
pact, brown  in  color;  the  sapwood  somewhat  lighter,  and  the 
broad  medullary  rays  darker.  It  takes  a  good  polish,  and  is  used 
for  the  handles  of  tools,  in  turnery,  and  for  fuel.  The  leaves, 
from  which  an  ointment  is  made,  are  supposed  to  be  poisonous  to 
cattle.      The  root-burls,  sometimes  called  ivy  grubs,  are  used  ^n 
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turnery.     Large  quantities  are  taken  out  at  Cranberry,  Elk  Park, 
and  many  other  places  in  the  mountain  counties. 

Rhododendron  maximum,  Linnsdas. 
(rhododendron,    laurel.) 

A  small  tree,  with  spreading^  top  and  grayish-brown  scaly  bark, 
reaching  a  height  of  40  feet  and  a  diameter  rarely  exceeding 
twelve  inches;  or  more  frequently  a  tall  straggling  shrub. 

It  occurs  from  Nova  Scotia  and  Lake  Erie  south  through  New 
England,  New  York,  and  along  the  Alleghanies  to  northern 
Georgia ;  reaching  its  best  development  on  the  steep  rocky  banks 
of  streams  in  the  southern  Alleghany  mountains.  It  is  never 
found  on  limestone  soils. 

In  North  Carolina,  where  it  grows  to  an  average  height  of  8  to 
12  feet,  it  is  very  common  in  the  mountains,  often  forming 
impenetrable  thickets,  and  occurs  in  ravines  in  the  Piedmont 
counties  as  far  east  as  Sufry  and  Gaston. 

Rhododendron  usually  produces  seed  every  year,  and  young 
seedlings  are  common  in  njoist  open  spots.  Numerous  sprouts 
appear  around  old  trunks  and  around  the  stumps  after  cutting. 
Several  stems  generally  grow  from  the  same  burly  roots. 

The  thick  leathery  evergreen  leaves  are  acute  at  the  apex  and 
narrowed  toward  the  base.  The  flowers  are  pale  rose-color  or 
white,  dotted  with  yellowish-green  spots,  and  are  produced  in 
large  compact  clusters  at  the  ends  of  the  branchlets.  The  dark 
red-brown  fruit  is  a  dry  capsule,  half  an  inch  long,  and  encloses 
many  seeds.     The  buds  are  large,  scaly  and  conical. 

The  wood  is  heavy,  hard,  strong,  brittle,  close-grained,  com- 
pact, light  clear  brown  in  color;  the  sapwood  lighter.  It  is 
occasionally  employed  in  turnery,  for  tool  handles,  etc.  A  decoc- 
tion of  the  leaves  is  used  for  isheumatism,  sciatica,  etc. 

DioBP3n:*08  virgriaiana,  Linnseus. 
(persimmon.) 

A  small  tree,  with  slender  branches  forming  a  rounded  top  and 
rough,  dark  brown,  gray  or  black  bark,  reaching  a  height  of  115 
and  a  diameter  of  2  feet. 


PBR8IMM0K. 
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It  occurs  commonly  in  old  fields  from  southern  Connecticut  to 
Boathern  Ohio  and  southeastern  Iowa,  south  to  Bay  Biscayne, 
Florida,  southern  Alabama  and  Mississippi,  and  west  to  southern 
Missouri,  Arkansas,  eastern  Kansas  and  Indian  Territory,  and 
the  valley  of  the  Colorado  river,  Texas  ;  and  reaches  its  best 
development  in  the  lower  Ohio  basin. 

In  this  State,  where  it  reaches  an  average  height  of  30  to  40 
feet  and  an  average  diameter  of  18'  to  20  inches,  it  is  found 
throughout,  except  in  Ashe,  Watauga,  Mitchell,  and  Yancey 
cbunties  and  in  the  higher  mountains.     (Fig.  11.) 


Fertile  trees  bear  fruit  in  abundance  annually  or  every  second 
year.  Seedlings  are  common  near  the  old  trees  in  damp  soil,  and 
in  old  fields  when  protected  from  fire.  Young  plants  are  short- 
lived in  deep  shade. 

The  rather  thick  smooth  shining  leaves  are  oval,  dark  green 
above,  pale  and  often  downy  below.  The  yellowish  flowers  are 
small  and  inconspicuous,  the  male  and  female  usually  produced 
on  separate  trees.  The  edible  fruit  is  rounded,  about  one  inch  in 
diameter,  and  orange-red  when  ripe.  The  winter-buds  are  small, 
egg-shaped  and  pointed.  The  persimmon  has  thick  fleshy  black 
stoloniferouR  roots;  it  has  a  taproot  as  well  as  numerous  long 
lateral  roots. 

The  wood  is  heavy,  hard,  strong,  very  close-grained,  compact ; 
the  heartwood,  seen  only  in  very  old  specimens,  dark  brown  to 
nearly  black  in  color  ;  the  thick  sapwood  lighter  brown  with  dark 
spots.     It  takes  a  good  polish,  and  is   used  for  shoe-lasts,  plane 
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Stocks,  shuttles,  large  screws,  mallets  and  the  shafts  of  wagons.  A 
decoction  for  diarrhoea,  hemorrhage,  etc.,  is  made  from  the  fruit, 
from  which  persimmon  beer  is  also  produced. 

Large  quantities  have  been  cut  in  North  Carolina  near  the  rail- 
roads. 

Mohrodendron  carolinum,  Britton.* 

(snowdrop  tree,     silverbell  tree.) 

A  tree  of  medium  or  small  size,  with  reddish-brown,  broadly 
ridged  bark,  and  bright  biown  smooth  branches  striped  with  pale 
shallow  longitudinal  fissures,  sometimes  reaching  a  height  of  90 
and  a  diameter  of  3  feet. 

It  occurs  commonly  in  rich  soil  along  streams  from  the  irioun- 
tains  of  West  Virginia  to  southern  Illinois,  southward  to  middle 
Florida,  central  Alabama  and  Mississippi,  and  through  Arkansas 
to  western  Louisiana  antfea-s.t^m 'Texas  ;  reaching  its  best  devel- 
opment in  the  southern  Alleghany  mountains. 

In  this  State,  where  it  reaches  an  leverage  height  of  15  to  25 
feet,  it  is  found  in  the  Pied'fhont  platei\u  as  far  east  as  Surry  and 
Mecklenburg,  and  thence  westward  it  is  not  uncommon,  especially 
along  the  upper  portions  of  the  water  courses. 

The  silverbell  tree  produces  seed  every  two  or  three  years 
and  young  plants  are  common  in  damp  shady  woods.  Specimens 
over  one  foot  in  diameter  are  apt  to  be  hollow. 

The  thin  leaves  are  finely  serrate,  light  green  above,  pale, 
and  slightly  downy  below.  The  flowers,  which  appear  with 
the  leaves  in  spring,  are  white,  bell-shaped,  and  are  borne  by 
slender  drooping  stems.  The  large  dry  fruit,  about  IJ  inches 
long,  has  four  wings  and  contains  a  bony  nut.  The  hairy  winter- 
buds  are  small,  obtuse,  and  dark  red  or  light  brown. 

The  wood  is  light,  soft,  close-grained,  compact,  light  brown 
in  color;  the  sapwood  lighter.      It  has  no  uses  in  North  Carolina. 

PraxinuB  americana,    Linnseus. 
(white  ash.) 
A  large  tree  of  the  first  commercial  value,  with  stout,  apright 

*Hale8la  tetraptera,  Llnuseus. 
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or  spreading  branches  and  grayish  furrowed  bark,  reaching  a 
height  of  120  and  a  diameter  of  6  feet.     (Plate  VI.) 

It  grows  in  low,  rather  moist  soil,  from  Nova  Scotia  to  northern 
Minnesota,  southward  to  northern  Florida,  central  Alabama  and 
Mississippi,  and  west  to  eastern  Nebraska,  Kansas,  Indian  Terri- 
tory, and  eastern  Texas  ;  reaching  its  best  development  in  the 
basin  of  the  Ohio  river. 

In  North  Carolina,  where  it  grows  to  an  average  height  of 
50  to  80  and  a  diameter  of  2  to  3  feet,  it  occurs  throughout  the 
State.     (Fig.  12.) 


LEGEND 
Distribution  of  the  WHITE  ASH 
(Fraztnos  Americana,  L.) 

Western  limits  of  the  WATER  ASH 
(Fraxinns  earoUniana,  Mill.) 


The  white  ash  produces  seed  abundantly  about  every  3  or 
4  years,  though  individual  trees  along  streams,  or  when  isolated, 
bear  more  frequently.  The  young  seedlings,  which  are  not  com- 
mon, stand  shade  well,  and  are  usually  found  in  nioist  situations, 
often  at  a  considerable  distance  from  the  parent  tree.  Large 
tree^  are  usually  sound,  but  sometimes  have  large  heart-cracks. 
In  the  mountains  a  mixed  growth  of  oaks,  lin,  and  buckeye 
replace  the  white  ash  after  lumbering.  The  timber  is  attacked 
while  still  standing,  especially  when  growing  in  swamps,  by 
Fatna  denudata,  Harris,  the  ash  sesia. 

The  leaves  are  composed  of  5  to  9,  usually  7,  stalked  leaflets. 
The  inconspicuous  flowers  appear  before  the  leaves  in  spring,  the 
male  and  female  on  separate  trees,  and  the  narrow-winged  fruit 
is  li  to  2  inches  long.     The  rust-colored  winter-buds  are   covered 
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with  short  hairs.  The  ash  has  niiraerous  deep-seated  lateral 
roots. 

The  wood  is  heavy,  hard,  strong,  coarse-grained,  tough,  becom- 
ing brittle  with  age  ;  the  heart  wood  brown  ;  the  sap  wood  nearly 
white.  It  is  extensively  used  for  agricultural  implements,  wagon- 
making,  handles,  oars,  cabinet  and  interior  work,  and  by  ship- 
wrights, turners,  and  coopers. 

Large  quantities  have  been  sawed  in  the  mountains  of  this 
State,  chiefly  for  lumber  and  furniture.  Asheville,  Dillsboro,  and 
Elk  Park  are  important  centres  for  the  manufacture  of  ash  lum- 
ber. In  1892  about  8,000,000  feet  was  sawed  in  the  mountain 
counties  and  shipped  mainly  to  Cincinnati  and  Philadelphia. 
About  as  much  more  was  manufactured  during  the  same  year  in 
other  parts  of  the  State.  A  large  amount  of  white  ash  is  still 
standing  in  the  mountain  region  and  in  some  of  the  river 
swamps  of  the  eastern  counties. 

FraxinuB  pennsyTcanioa,  Marshall. 
(red  ash.     ash.) 

A  tree  of  medium  size,  with  stout,  upright  branches  and 
slightly  furrowed  dark  gray  or  deep  |brown  bark,  reaching  a 
height  of  60  feet  and  a  diameter  of  20  inches. 

It  occurs  in  rich  moist  ground  from  New  Brunswick  to  south- 
ern Ontario  and  northern  Minnesota,  and  southward  to  northern 
Florida  and  central  Alabama;  attaining  its  best  development  in 
the  northern  Atlantic  states.  It  is  rare  west  of  the  Alleghany 
mountains. 

In  this  State,  where  it  grows  to  a  height  of  50  to  60  feet,  it  is 
confined  to  the  Piedmont  plateau. 

The  red  ash  produces  seed  about  as  often  as  the  white  ash, 
but  seedlings  are  loss  common  and  confined  principally  to  the 
neighborhood  of  water  courses.  Numerous  sprouts  spring  up 
after  cutting,  but  do  not  develop  into  large  trees.  Birch,  white 
oak  and  red  maple  usually  form  the  growth  after  lumbering. 

The  leaflets  are  7  to  9  in  number,  obscurely  toothed,  narrowed 
at  the  apex  into  long,  slender  points,  lustrous  on  the  upper  sur- 
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face,  and  downy  beneath  ;  the  leafstalks  also  covered  with  a  silky 
down.  The  male  and  female  flowers  appear  on  separate  trees 
late  in  spring,  and  the  narrow-winged  fruit  is  like  that  of  the 
white  ash,  except  that  the  end  of  the  wing  is  usually  more 
rounded.  The  dark,  russet-brown  rounded  winter-bud  is  downy. 
The  red  ash  has  numerous  lateral  and  superficial  roots. 

The  wood  irt  heavy,  hard,  strong,  brittle,  close-grained  and  com- 
pact, rich  brown  in  color  ;  the  sa'pwood  light  brown  streaked  with 
yellow.  It  is  used  for  paper  pulp  and  for  the  same  purposes  as 
that  of  the  white  ash,  to  which  it  is  inferior. 

Prcixinus   penneylvanica   var.    lanceolata,    S.irgent. 
,    (green  ash.     ash.) 

A  tree  of  medium  size,  with  slender,  spreading  branches  and 
^ray  or  dark  brown  bark,  rarely  exceeding  60  feet  in  height  and 
24  inches  in  diameter.  ^ 

It  occurs  in  low,  rather  moist  soil,  from  Vermont  to  northern 
Florida,  westward  to  the  valley  of  the  Saskatchewan  river  and 
the  Rocky  mountains  of  Montana,  th«  Wasatch  mountains  of 
Utah  and  the  eastern  and  northern  ranges  of  Arizona.  It  is  most 
abundant  in  the  Mississippi  basin. 

It  is  not  a  common  tree  in  North  Carolina,  and  is  confined  to 
the  upper  part  of  the  coastal  plain  and  to  the  Piedmont  plateau, 
where  it  reaches  a  height  of  60  and  a  diameter  of  2  feet. 

The  leaflets  are  smooth  and  bright  green  on  both  sides,  and 
narrower,  shorter,  and  often  more  sharply  toothed  than  those  of 
the  red  ash.  In  the  West  the  species  and  variety  are  connected 
by  many  intermediate  forms.  East  of  the  Mississippi  river  the 
trees  are  quite  distinct. 

The  wood  is  heavy,  hard,  strong,  brittle,  rather  coarse-grained ; 
brown  in  color;  the  thick  sapwood  lighter.  It  is  inferior  in 
quality  to  the  wood  of  the  white  ash,  but  in  this  State  is  not  dis- 
tinguished from  it  commercially. 

Fraxinus  caroliniana,  Milkr. 
(water  ash.) 
A  small  tree,  with  slender  branches  which  form  a  narrow  top, 
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and  light  gray  furrowed  bark,  reaching  a  height  of  40  feet  and  a 
diameter  of  12  inches. 

It  occurs  in  deep  river  swamps  from  southeastern  Virginia  near 
the  coast  to  Florida,  westward  through  the  Gulf  states  to  the 
valley  of  the  Sabine  river,  Texas,  and  southwestern  Arkansas.  It 
is  also  found  in  Cuba. 

In  North  Carolina,  where  it  reaches  an  average  height  of  30  to 
40  feet,  it  is  confined  to  the  deep  swamps  of  the  coastal  plain 
region.     (Fig.  12,  p.  71.) 

It  bears  seed  abundantly  every  year  or  two.  Trees  in  deep 
swamps  have  swollen  butts  which  are  usually  hollow,  but  as  a 
general  rule  the  upper  part  of  the  stem  is  sound. 

The  leaves  are  composed  of  from  5  to  7  larere,  long-stalked  leaf- 
lets. The  male  and  female  flowers  appear  in  February  and 
March  upon  separate  trees.  In  the  fruit  the  wings  extend  to  the 
bottom  of  the  seed,  and  are  sometimes  three  in  numbrr.  The 
winter-buds  are  chestnut-brown  in  color.  The  water  ash  has 
numerous    deeply  seated  lateral  roots. 

The  \vood  is  light,  soft,  not  strong,  brittle,  close  grained,  and 
compact ;  the  heartwood  nearly  white,  sometimes  tinged  with  yel- 
low;  the  sapwood  lighter.  It  is  of  less  value  than  that  of  many 
of  the  other  ashes. 

In  the  eastern  section  of  North  Carolina  it  is  largely  manufac- 
tured into  lumber.  The  best  logs  are  usually  sawed  into  furni- 
ture squares. 

Persea    borbonia,    Sprengil. 

(red    bay.       SWEET    BAY.) 

An  evergreen  tree,  with  dark  brown-green  branches  and  deeply 
furrowed  reddish  bark,  reaching  a  height  of  70  and  a  diameter  of 
3  feet. 

It  occurs  in  low  rich  soil  from  southern  Delaware  south  to  Bay 
Biscayne  and  Cape  Romano,  Florida,  and  through  the  Gulf  states 
to  southern  Arkansas  and  the  valley  of  the  Brazos  river,  Texas, 
near  the  coast. 
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In  this  State  it  is  a  small  tree  or  shrub,  and  occurs  in  the  coastal 
plain  region.  Old  trees  over.8  inches  in  diameter  are  frequently 
hollow. 

The  oblong  entire  evergreen  leaves  are  2  to  3  inches  long  and^ 
like  the  twigs,  have  an  aromatic  odor  when  bruised.  The  flowers 
are  small  and  in  close  panicles,  and  the  fruit  is  an  ovate  l-seeded 
deep  blue  drupe.  The  small  dark  brown  winter-buds  and  dark 
twigs  are  downy.     The  red  bay  has  a  lateral  root  system. 

The  wood  is  heavy,  hard,  very  strong,  brittle,  very  close-grained, 
and  compact;  bright  red  in  color;  the  sapwood  much  lighter.  It 
takes  a  beautiful  poHsli,  and  was  formerly  somewhat  used  in  sliip- 
bnilding,  interior  finish  and  cabinet  work. 

Sassafras   sassafras,  Karsten. 

(SASSAFRAS.) 

A  large  tree,  with  green  or  yellowish-green  branchlets  and  fur- 
rowed gray  bark.  It  sometimes  reaches  a  height  of  90  and  a  diam- 
eter of  7  feet,  but  is  reduced  to  a  shrub  at  its  northern  limit. 

It  occurs  from  eastern  Massachusetts  and  southwestern  Ver- 
mont, west  through  southern  Ontario  and  central  Michigan,  to 
southeastern  Iowa,  eastern  Kansas,  and  Indian  Territory,  and 
south  to  middle  Florida  and  the  valley  of  the  Brazos  river,  Texas  ; 
reaching  its  best  development  in  southwestern  Arkansas  and 
Indian   Territory. 

In  this  State,  where  it  rarely  exceeds  40  to  50  feet  in  height,  it 
is  most  common  in  the  coastal  plain  and  Piedmont  plateau  regions, 
and  rare  on  the  higher  slopes  of  the  mountains. 

Seed  is  produced  at  frequent  intervals,  and  young  seedlings  are 
eomiijon  iit  old  fields  when  protected  from  fire.  Sprouts  spring 
readily  from  the  stumps  of  young  trees  and  from  the  spreading 
I'oots,  and  in  many  cases  become  large  trees. 

The  leaves  are  very  variable,  being  ovate  and  entire,  or  2  to 
3-Iobed-  The  greenish-yellow  clustered  flowers  appear  in  early 
spring,  the  sterile  and  fertile  on  separate  trees,  and  the  oval  fruit 
is  hlue  in  color,  with  a  thick  reddish  stem.  The  egg-shaped  win- 
ter-buds are  large. 


76  TIMBBR    TREES    OF     NORTH    CAROLINA. 

The  wood  is  light,  soft,  weak,  brittle  and  coarse-grained,  very 
durable  in  contact  with  the  soil,  and  apt  to  check  in  drying.  It 
is  slightly  aromatic.  The  heartwood  is  dull  orange-brown  in  color ; 
the  thin  sapwood  light  yellow.  It  is  used  in  boat  building,  fenc- 
ing, cooperage,  and  for  ox  yokes.  An  aromatic  stimulant  is 
derived  from  the  bark  of  the  rtiot. 

Ulmus  americana,  Linnseus. 

(AMERICAN    ELM.) 

A  large  tree,  with  short  spreading  or  long  pendulous  branches 
and  scaly  dark  brown  trunk,  reaching  a  height  of  120  and  a  diam- 
eter of  11  feet. 

It  occurs  in  rich  moist  soil  from  southern  Newfoundland  to 
the  northern  shores  of  Lake  Superior  and  the  eastern  slope  of  the 
Rocky  mountains,  south  to  Florida,  and  west  to  Dakota,  central 
Nebraska,  Indian  Territory,  and  Texas ;  reaching  it3  best  develop- 
ment in  the  northeastern  United  States. 

^In  this  State,  where  it  reaches  an  average  height  of  60  to  70  and 
diameter  of  4  to  5  feet,  it  occurs  abundantly  in  most  of  the  swamps 
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of  the  coastal  plain  and  extends  westward  as  far  as  Guilford 
and  Mecklenburg  counties.  (Pig.  13.)  It  is  smaller  and  much 
less  common  toward  its  western  limit. 
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Seed  is  borne  generally  every  year  in  abundance,  and  young 
plants  are  common  in  damp  open  places.  The  American  elm  does 
not  sprout  readily  from  the  stump. 

A  larva  of  a  longicorn  beetle,  Saperda  tridentata,  Oliver,  loosens 
the  inner  bark  and  channels  the  surface  of  the  wood  so  as  fre- 
quently to  kill  the  tree.  The  American  elm  also  suffers  severely 
from  canker-worms,  Paleacrita  vernata,  Peck,  and  Eugonia  sub- 
signaria,  Huebil^r,  and  the  imported  elm-leaf  beetle,  Galeruca 
scanthoroelsena,  Schrank,  all  of  which  feed  upon  and  destroy  the 
foliage. 

The  leaves  are  usually  smaller  and  less  rough  than  those  of  the 
slippery  elm.  The  small  greenish-brown  flowers  are  in  numerous 
lateral  clusters  and  appear  early  in  spring.  The  flattened  oval 
winged  fruit  is  hairy  on  the  margin,  and  ripens  and  falls  before 
the  leaves  appear.  The  buds  are  smooth,  rather  small  and 
acQte.  The  American  elm  has  long,  well  developed  lateral 
roots. 

The  wood  is  heavy,  hard,  strong,  tough,  rather  coarse-grained, 
compact,  and  diflicult  to  split ;  the  heartwood  light  brown  ;  the 
sapwood  lighter.  It  is  used  for  wheel  stocks,  saddle-trees,  flooring, 
and  cooperage,  and  is  exported  for  boat  and  ship-building. 

In  North  Carolina  the  wood  of  this  tree  is  not  much  used,  and 
very  little  of  it  has  ever  been  cut. 

Ulmus  alata.  Michaux. 

r 

(winged  elm.    wahoo.     cork  elm.     southern  elm.) 

A  small  tree,  with  slender  branches  and  close  finely  ridged 
light  brown  bark,  reaching  a  height  of  50  and  a  diameter  of  2 
feet. 

It  occurs  on  dry  gravelly  or  often  on  moist  soil  from  southern 
Virginia,  through  the  middle  districts  to  western  Florida,  south- 
ern Indiana  and  Illinois,  south  to  the  Gulf  coast,  and  southwest 
through  southern  Missouri,  Arkansas,  and  the  eastern  portion  of 
Indian  Territory  and  Texas ;  reaching  its  best  development  in 
southern  Missouri  and  Arkansas. 
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In  this  State,  where  it  reaches  an  average  height  of  30  to  45 
feet,  it  grows  along  swamps  and  streams,  and  is  nowhere  uncommon 
except  on  the  mountains.     (Fig.  14.) 
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Diskrilmtion  of  the  WINGED  ELM 

(UlmuB  alata,  MicAx.) 


The  winged  elm  bears  seed  abundantly  at  intervals  of  2  or  3 
years,  and  young  plants  arc  frequent  along  streams  or  swamp 
land. 

The  leaves  are  smaller  than  those  of  the  American  elm  and  the 
brown  twigs  more  slender.  The  small  clustered  flowers  are  on 
slender  foot-stalks,  and  the  oval  winged  fruit  is  deeply  notched, 
and  hairy  on  the  margin.  There  are  numerous  long  superficial 
lateral  roots. 

The  wood  is  heavy,  hard,  not  strong,  very  close-grained,  com- 
pact, unwedge^le;  brown  in  color;  the  sapwood  lighter.  It  is 
used  for  hubs,  blocks,  and  tool  handles. 

Ulmus  fulva,  Michaux. 

(slippery    elm.) 

A  tree,  with  deeply  furrowed  dark  brown  bark  and  dark  gray- 
brown  branches  which  form  a  broom-shaped  crown,  reaching  a 
height  of  135  and  a  diameter  of  4  feet. 

It  occurs  in  rich  soil  from  the  valley  of  the  lower  St.  Lawrence 
river  to  northern  Dakota,  and  south  to  northern  Florida,  central 
Alabama  and  Mississippi,  and  the  valley  of  the  San  Antonio  river, 
Texas. 

In  this  State,  where  it  reaches  an  average  height  of  30  to  50 
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feet  and  a  diameter  of  12  to  18  inches,  it  is  most  plentiful  in  the 
Piedmont  plateau,  less  so  among  the  mountains,  and  is  found 
occasionally  in  the  coastal  plain  region. 

The  slippery  elm  produces  seed  at  rather  irregular  intervals  of 
2  to  4  years,  and  for  the  most  part  not  abundantly.  Young  seed- 
lings are  rare  except  in  damp,  somewhat  shaded  places  near  the 
parent  tree. 

The  -thick  ovate  oblong  coarsely  toothed  leaves  are  very  rough 
on  the  npper  surface  and  downy  beneath.  The  flowers  occur  in 
lateral  clusters  on  short  foot-stalks,  and  the  flat-winged  fruit  is 
ronnd,  but  not  fringed.  The  rounded  reddish-brown  winter-buds 
are  hairy.  The  slippery  elm  has  numerous  deeply  seated  lateral 
root's. 

The  wood  is  heavy,  hard,  strong,  very  close-grained,  compact, 
and  durable  in  contact  with  the  soil.  The  heartwood  is  dark 
brown  or  red  ;  the  sapwocd  lighter.  It  is  nsed  for  wheel-stock, 
fencing,  railroad  ties,  sills,  and  in  shipbuilding.  The  muci- 
laginous inner  bark  is  medicinal. 

Morus  rubra,  Linnams. 
(red  mulberry.) 

A  tree,  with  dark  brown,  much-broken  bark  and  smooth  gray 
branches,  reaching  a  height  of  65  and  a  diameter  of  7  feet. 

It  is  found  generally  in  rich  soil  from  western  Massachusetts 
and  Long  Island,  N.  Y.,  through  southern  Ontario,  central 
Michigan,  and  the  Black  Hills  of  Dakota,  eastern  Nebraska  and 
Kansas,  south  to  southern  Florida,  ^nd  the  valley  of  the  Colorado 
river,  Texas;  reaching  its  best  development  in  the  basins  of  the 
lower  Ohio  and  Mississippi  rivers. 

In  this  State,  where  it  grows  to  an  average  height  of  30  to  50 
and  an  average  diameter  of  1  to  2  feet,  it  is  found  throughout, 
being  most  abundant  on  the  Piedmont  plateau  and  very  rare  in  the 
mountain  region. 
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The  red  mulberry  bears  large  qhantities  of  seed  every  year  or 
every  other  year,  and  seedlings  are  found  on  moist  soil  through 
the  forests  of  the  Piedmont  plateau  region.  Numerous  sprouts 
come  up  after  cutting. 

The  broad,  heart-shaped,  pointed  leaves  are  rough  above  and 
downy  below.  The  flowers  are  inconspicuous,  and  the  deep  red 
or  purple  fruit  is  sweet  and  edible,  with  an  agreeable,  slightly 
acid  taste.  The  winter-buds  are  large,  reddish,  smooth  and 
conical. 

The  wood  is  light,  soft,  not  strong,  rather  tough,  coarse-grained, 
compact,  very  durable  in  contact  with  the  poil,  light  orange- 
yellow  in  color ;  the  sapwood  lighter. 

It  takes  a  good  polish,  and  is  largely  used  for  fencing, 
cooperage,  snaths,  and,  at  the  South,  for  ship  and  boatbuilding. 
The  leaves  have  been  used  for  feeding  silkworms,  but  are  not  well 
adapted  for  that  purpose. 

Geltis  occidentalis,  Linn<'eus. 
(hackberry.) 

A  large  tree,  with  bark  often  much  roughened  by  small  ridges, 
and  flexuous,  smooth,  brown  branches.  It  reaches  a  height  of  130 
and  a  diameter  of  5  feet,  or  sometimes  is  reduced  to  a  low  shrub. 

It  occurs  in  rich  bottoms  or  on  dry  hillsides  from  the  valley  of 
the  St.  Lawrence  river  west  to  eastern  Dakota,  south  through  the 
Atlantic  region  to  southern  Florida,  and  to  Texas;  being  most 
abundant  and  reaching  its  best  development  in  the  basin  of  the 
Mississippi  river. 

In  this  State,  where  it  reaches  an  average  height  of  50  to  70 
feet  and  a  diameter  of  18  to  20  inches,  it  is  found  throughout, 
except  in  the  high  mountain  counties,  as  Ashe,  Watauga,  Mitchell, 
and  Yancey,  and  attains  its  greatest  size  and  abundance  in  the 
alluvial  swamps  of  the  coastal  plain. 

It  bears  seed  plentifully  and  as  a  rule  every  year.  Seedlings 
are  common  near  old  trees  and  along  river  bottoms. 

The  leaves  are  ovate,  toothed,  taper-pointed,  and  smooth  at 
maturity.     The    greenish    flowers    are    inconspicuous,    and    the 
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rounded,  purplish-red  fruit,  from  i  to  J  inch  in  diameter,  is  sweet 
and  edible. 

The  wood  is  heavy,  rather  soft,  not  stronsr,  coarse-grained,  com- 
pact, clear  light  3'ellow  in  color;  the  sapwood,  lighter.  It  takes 
a  good  polish,  and  is  largely  used  for  fencing,  and  occasionally  in 
the  manufacture  of  cheap  furniture. 

Platanus  occidentalie,  Linnteus. 
(sycamore,     buttonwood.) 

A  large  tree,  with  deep  brown  smooth  bark,  scaling  off  in  thin, 
brittle  plates,  leaving  the  tree  a  mottled  polished  white,  or  with 
bark  uniform  and  rough.  It  reaches  a  height  of  130  and  a  diam- 
eter of  nearly  14  feet. 

It  occurs  in  ricli  moist  soil,  generally  near  streams,  from  south- 
ern Maine  and  the  northern  shores  of  Lakes  Ontario  and  Erie 
west  to  eastern  Nebraska  and  Kansas,  south  to  northern  Florida, 
central  Alabama,  Mississippi,  and  southern  Texas;  reaching  its 
Hest  development  in  the  bottom  lands  of  the  Ohio  and  Mississippi 
rivers.     It  is  a  very  common  tree. 

In  this  State,  where  it  reaches  a  height  of  90  and  a  diameter  of 
5  or  6  feet,  it  occurs  throughout,  growing  to  its  best  size  along  the 
alluvial  swamps  of  the  Piedmont  plateau.  It  is  least  abundant 
on  the  coastal   plain. 

The  sycamore  bears  fruit  in  abundance  and  usually  every  year, 
and  seedlings  are  common  along  streams.  Old  trees  are  gener- 
ally hollow  at  the  butt.  It  sprouts  very  freely  from  the  stump, 
and  is  easily  propagated  from  cuttings.  The  growth  is  very 
rapid. 

The  large  broad  leaves  are  angularly  lobed  and  toothed,  downy 
when  young,  and  smooth  at  maturity.  The  male  and  female 
flowers  occur  in  separate  small  spherical  heads  with  slender  stems. 
The  fruit  is  a  globular  head  one  inch  in  diameter,  hanging  on  the 
tree  through  the  winter.  The  short,  broad,  pyramidal  buds  are 
formed  beneath  the  swollen  base  of  the  leafstalks.  The  sycamore 
lias  numerous  long  running  roots. 

The  wood  is  heavy,  hard,  not  strong,  very  close-grained,  com- 
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pact,  difficult  to  split  and  work;  browD  in   color;  the  sapwood 
lighter.     It  decays  rapidly  in  contact  with  the  soil  or  on  exposure, 
and  warps  and  cracks   badly  in   drying.     It  is  used  for  ox  yokes, 
butchers'  blocks,  for  interior  finish,  and  in  the  manufacture  of  fur-" 
niture,  and  very  largely  for  tobacco  boxes. 

Juglans  cinerea,  Linnteus. 

(white    WALNUT.       BUTTERNUT.) 

A  large  tree,  with  dark  granite-gray  furrowed  bark  and  light 
gray  snioothish  branches,  reaching  a  height  of  115  and  a  diameter 
of  3  feet. 

It  occurs  in  rich  woodlands,  from  southern  New  Brunswick, 
the  valley  of  the  St.  Lawrence  river  and  Ontario,  to  Dakota  and 
Nebraska,  sou tli ward  to  Delaware,  Missouri,  and  Arkansas,  and 
along  the  Alleghany  mountains  to  Georgia  and  Alabama;  reaching 
its  best  development  in  the  basin  of  the  Ohio  river. 

In  North  Carolina  it  occurs  through  the  mountains  and  spar- 
ingly through  the  upper  part  of  the  JMedmont  plateau,  but  is 
nowhere  common.  In  certain  cool,  rich  mountain  valleys  it 
attains  a  heiglit  of  70  and  a  dianieter  of  8  feet.     (Fig.  15,  p.  S3.) 

The  white  walnut  bears  fruit  abundantly  only  every  2  or  3 
years,  and  young  seedlings  are  uncommon.  Young  trees  sprout 
freely  from  the  stump;  old  ones  less  readily. 

The  leaflets  are  11  to  17  in  number  on  the  sticky  leafstem, 
rounded  at  the  base,  taper-pointed,  sharply  toothed,  and  downy 
on  the  lower  surface.  The  sterile  flowers  are  in  large  green  cat- 
kins, the  fertile  flowers  small  and  inconspicuous.  The  brown 
fruit  is  2  to  3  inches  long,  very  sticky,  and  contains  an  edible 
nut.  The  naked  winter-buds  are  light  brown,  blunt,  and  covered 
with  soft  down  ;  the  terminal  buds  large  and  conspicuous,  the 
lateral  buds  much  smaller,  two  or  three  together  above  each  leaf- 
scar.  There  are  numerous  strong  superficial  lateral  roots,  while 
the  taproot  in  specimens  over  10  inches  in  diameter  is  poorly 
developed. 

The  wood  is  light,  soft,  not  strong,  coarse-grained,  compact,  and 
easily  worked  ;  light  brown   in   color;   the  sapwood,  lighter.      It 
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takes  a  beautiful  polish,  receives  paint  well,  and  is  used  for 
interior  finish,  cabinet  work,  panels  of  carriages,  and  occasionally 
for  the  lower  framework  of  buildings.  The  inner  bark  yields  a 
yellow  dye,  and  is  employed  as  a  mild  cathartic. 

Jugrlans  niffra,  Linnseus. 
(black  walnut.) 

A  large  tree,  of  the  first  commercial  value,  with  a  small  oval 
crown  and  rough  very  dark  brown  bark,  reaching  a  height  of  150 
and  a  diameter  of  10  feet  or  more. 

It  occurs  from  western  Massachusetts  to  eastern  Nebraska  and 
Kansas,  and  south  to  northern  Florida,  Alabama,  Mississippi,  and 
the  valley  of  the  San  Antonio  river  in  Texas;  reaching  its  best 
development  in  the  rich  bottom  lands  of  southwestern  Arkansas 
and  Indian  Territory,  and  on  the  western  slopes  of  the  southern 
Allegh-any  mountains. 


^--^  .  LEGEND 

^^Diilllbiiiton  of  th»  BLACK   WAJ.X'Ln: 

W,4Blatrtbutioii  f>f  the  WHITE  T^AI^lT 


In  this  State,  where  it  grows  to  an  average  height  of  40  to  50 
feet,  it  is  most  abundant  on  the  Piedmont  plateau,  but  is  found 
throuirhout.     (Fig.  15.) 

Forest  trees  bear  seed  abundantly  only  every  3  or  4  years,  and 
young  seedlings  are  not  common  except  near  mature  trees  in  low 
fertile  rather  open  lands  or  in  fields  and  meadows  which  border 
streams.     The  growth  is  very  rapid  until  a  large  size  is  reached. 
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especially  when  the  soil  is  good  and  the  light  conditions  favorable. 
Only  small  trees  send  up  from  the  stnmp  shoots,  which  attain  a 
large  size. 

The  leafstalk  is  slightly  downy  but  not  sticky;  the  leaflets  15 
to  23  in  number,  smooth  above  and  somewhat  downy  beneath. 
The  fruit  is  round,  greenish-yellow  when  ripe,  about  2  inches  in 
diameter,  and  contains  a  nut  with  an  edible  kernel.  The  large 
terminal  buds  are  covered  with  a  light  brown  tomentum  and  the 
lateral  buds  are  above  the  leaf  scars  as  in  the  preceding  species. 
The  black  walnut  has  a  well-developed  taproot  and  numerous 
strong  lateral  roots. 

The  wood  is  heavy,  hard,  strong,  rather  coarse-grained,  liable  to 
check,  easily  worked,  and  durable  in  contact  with  the  soil  ;  rich 
dark  brown  in  color  ;  the  thin  sapwood  much  lighter.  It  takes  a 
beautiful  polish,  and  is  used  for  cabinet  making,  interior  finish, 
gunstocks,  and  in  boat  and  shipbuilding.  The  husk  of  the  fruit 
yields  a  dye. 

The  black  walnut  has  been  largely  removed  from  the  counties 
west  of  the  Blue  Ridge,  where  it  reaches  its  largest  size  in  this 
State.  Considerable  quantities  are  still  standing,  however,  in  the 
Piedmont  region,  and  in  the  coastal  plain  region  it  has  not  yet 
been  entirely  removed. 

Hicoria  minima,  Britton  * 
(bitternut  hickory,     red-heart  hickory.) 

A  tall  and  slender  tree,  with  a  broadly  pyramidal  crown,  rather 
smooth,  firm,  gray  bark,  and  lighter  smoother  branches,  reaching  a 
height  of  120  and  a  diameter  of  4  feet. 

It  occurs  from  southern  Maine  to  the  valley  of  the  St.  Law- 
rence river,  westward  through  Ontario,  central  Michigan  and 
Minnesota,  and  the  eastern  parts  of  Nebraska,  Kansas,  and  Indian 
Territory,  and  southward  to  western  Florida  and  eastern  Texas  ; 
reaching  its  best  development  in  Pennsylvania  and  Ohio. 

In  North  Carolina  it  grows  to  an  average  height  of  80  and  a 
diameter  of  2  to  3  feet,  and  occurs  in   moist,  cool  situations,  on 

*Carya  amara,  Nuttall. 
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loamy  or  clay  soils  in  all  parts  of  the  State,  but  is  abundant  only 
in  the  mountains,  where  it  is  the  largest  and  most  common 
hickory. 

The  fruit  is  borne  plentifully  at  short  intervals,  and  seedlings 
are  frequent  in  the  mountains,  especially  in  moist  open  woods. 

The  leaves  consist  of  5  to  9  sitiall,  narrow,  acute,  smoothish 
leaflets.  The  dark  green  fruit  is  rounded  or  slightly  egg-shaped, 
with  a  very  thin  husk,  opening  half  way  down  when  ripe.  The 
shell  of  the  white,  smooth  nut  is  so  thin  that  it  can  be  broken  with 
the  fingers.  The  kernel  is  intensely  bitter.  The  yellow  winter- 
buds  are  small,  elongated,  and  slightly  rounded  or  pointed. 

The  wood  is  heavy,  very  hard,  stronsr,  and  tough,  and  checks 
hadly  in  drying;  dark  brown  in  color;  the  sapwood  lighter,  or 
often  nearly  white.  The  wood  is  inferior  to  that  of  the  other 
hickories,  but  is  used  for  hoops,  ox  yokes  and  fuel. 

Hicoria  aquatica,  Brttton. 

(WATER-BITTEKNUT    HICKORY.        WATER    HICKORY. 
SWAMP    HICKORY.) 

A  tree,  with  rough,  somewhat  furrowed  bark,  reaching  a  height 
of  100  and  a  diameter  of  3  feet,  or  generally  much  smaller. 

It  occurs  from  Virginia  through  the  coast  region  to  Florida, 
along  the  Gulf  shore  to  Texas,  and  northward  to  southern  Illinois  ; 
reaching  its  best  development  ofi  the  lower  Mississippi  and  Yazoo 
rivers. 

In  this  State,  where  it  is  confined  to  i he  coastal  plain,  it  grows  to 
an  average  height  of  40  to  50  feet.     (Fig.  16,  p.  86.) 

Young  seedlings  are  uncommon  in  this  State,  and  are  found 
ouly  on  alluvium,  and  then  usually  in  spots  where  trees  have  been 
cut. 

There  are  7  to  13  smooth,  pointed,  slightly  toothed  leaflets. 
The  fruit  is  roundish,  with  a  thin  husk  4-parted  to  the  base.  The 
thin-shelled,  4-angled  nut  contains  a  very  bitter  kernel.  The  flat- 
tened winter-buds  are  covered  with  a  rusty  down.  The  water- 
bitternut  hickory  has  a  poorly  developed  taproot  and  numerous 
strong  lateral  roots. 


so 
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The  wood  is  heavy,  soft,  strong,  rather  brittle,  veiy  close- 
grained,  and  compact ;  the  heartwood,  dark  brown  ;  the  sapwood 
lighter,  often  nearly  white.  The  timber  is  of  an  inferior  fjuality, 
and  is  chiefly  used  for  fencing  and  fuel.  It  is  rare  in  North  Caro- 
lina, and,  from  the  difficulty  in  getting  it  out  of  the  swamps,  it  is 
little  used. 

Hicoria  ovata,  Britton. 

(t^HAG-BARK  HICKORY.   SHELL-BARK  HICKORY. 
SCALY-BARK  HICKORY.) 

A  large  tree  of  great  commercial  value,  with  pendulous  branches, 
and  grayish-brown  bark  separating  from  the  trunk  in  long  strips. 
It  reaches  a  height  of  150  and  a  diameter  of  4  feet. 

It  occurs  on  rich  hillsides  and  on  sandy  ridges  fr(»m  the  valley 
of  the  St.  Lawrence  river  to  Michigan  and  southeastern  Min- 
nesota, southward  to  western  Florida,  central  Alabama  and 
Mississippi,  and  westward  to  eastern  Kansas,  Indian  Ter- 
ritory, and  eastern  Texas;  reaching  its  best  development  west  of 
the  Alleghany  mountains.     A  common  tree. 


XAP  OF 

HORTH   DAROLfXA 


Ft^  legend 

^3  JMatribuUoa  of  tho  &HAG  BARK  HICKORY 
(Hicoria  oviitd.  Mritt.) 

|Z^  Distiibgtion  of  the  WATEB  BITTERNTTT 
HICKORY  rHtcon*  Jiquatica^  Bti/t.) 


In  this  State,  where  it  attains  an  average  height  of  60  to  SO 
feet  and  an  average  diameter  of  15  to  20  inches,  it  occurs 
throughout  but  is  nowhere  common,  and  least  so  in  the  coastal 
plain  region.     (Fig.  16.) 

♦  Carya  alba,  Niittall. 
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Seed  is  borne  frequently  and  in  large  quantities,  but  seedlings 
are  not  common  except  in  the  Piedmont  plateau,  and  young  trees^ 
are  infrequent  in  second-growth  w^oods. 

The  leaves  are  large  and  composed  of  5  to  7-pointed,  rather 
coarsely  toothed  leaflets,  the  lower  pair  small  and  narrow,  the 
upper  pair  and  terminal  leaflet  very  large,  broa*!  and  inversely 
egg-shaped.  The  barren  flowers  are  in  slender,  pendulous,  green 
tassels,  three  on  a  common  stalk.  The  minute  fertile  flowers  are 
in  groups  of  2  to  4  together  ou  the  ends  of  the  shoots.  The  thick 
husk  of  the  nearly  globular  fruit  separates  into  four  distinct  pieces, 
and  the  nut  is  white,  sweet,  edible,  and  4-angled.  The  large, 
yellowish-brown,  scaly  buds  are  egg-shaped. 

The  shag-bark  hickory  has  numerous  lateral  roots  and  a  strong 
taproot  which  is  developed  in  early  youth. 

The  wood  is  heavy,  very  hard  and  strong,  tough,  close-grained, 
compact,  and  flexible;  light  brown  in  color;  the  thin  and  more 
valuable  sapwood  nearly  white.  It  is  largely  used  for  agricultural 
implements,  carriages,  axe  and  tool  handles,  baskets  and  fuel. 

Hicoria  alba,  Britten.^ 

(white    hickory.        bio-bud    hickory.        M()<?KERNUT.) 

A  tree,  with  dark  ashen-gray,  deeply  furrowed  bark,  reaching 
a  height  of  108  and  a  diameter  of  4  feet. 

It  occurs  from  southern  Ontario  to  the  eastern  parts  of  Nebraska, 
Kansas,  and  Indian  Territory,  southward  to  central  Florida  and 
the  valley  of  the  Brazos  river,  Texas.  It  grows  on  rich  hillsides 
or  in  low  river  bottoms,  and  is  very  common  in  the  Gulf  states 
and  throughout  the  South. 

In  North  Carolina,  wliere  it  grows  to  an  average  height  of  60 
feet  and  a  diameter  of  18  to  20  inches,  it  is  common  throughout 
the  State.     (Fig.  17,  p.  88.) 

The  white  hickory  bears  fruit  frequently  and  in  abundance. 
Seedlings  are  common  near  old  trees  and  in  second-growth 
woods,  and  often  in  dry  or  moist  uplands  a  considerable  part 
of  the  forest  is  composed  of  young  trees  of  this  species.      Yuong 

♦Carya  tomentosa,  NuttaU. 
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trees,  when  cut  down  or  killed  by  fire,  send  up  numerous  sprouts 
from  the  stump.  Late  spring  frosts  are  very  injurious  to  this 
species,  frequently  checking  the  growth  of  the  new  twigs  and  at 
times  killing  the  tree. 

The  leaves  are  very  large  and  consist  of  7  to  9  leaflets,  the  lower 
surface  of  which,  as  well  as  the  recent  shoots  and  leafstems,  are 
downy  when  young.  The  fruit  is  oval,  nearly  round  or  slightly 
pear-shaped,  and  li  to  2  inches  or  more  in  length.  The  husk 
splits  nearly  to  the  base  when  ripe.  The  thick-shelled,  somewhat 
6-angled  nut  contains  a  small  and  unusually  sweet  kernel.  The 
winter-buds  are  large,  round,  and  covered  with  downy,  hard, 
grayish-white  scales. 

The  wood  is  heavy,  very  hard,  strong,  tough,  very  close-grained, 
and  flexible,  and  checks  in  drying.  The  heartwood  is  rich  dark 
brown  ;  the  thick  sapwood'H^^rlj^  white.  It  is  used  for  the  same 
purposes  as  the  wood  of  .tJie.sJiag-bark  hickory.     (Page  86.) 

^  titicoria  grlabra,  Britton. 

^'         (pignut.) 

A  large  tree,  with  ah  oval  head  and  firm,  close,  rough,  gray 
bark  on  the  trunk,  and  smoother,  lighter  bark  on  the  branches. 
It  reaches  a  height  of  130  and  a  diameter  of  5  feet. 
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Area  in  which  the  WHITE  and  PIGNUT 

HICKORIES  arc  abundant 
(Hiooraalba,  BriU.  and  H.  glabra,  Brill.) 
Areas  in  which  the  WHITE  and  PIGNUT 

HICKORIES  are  frequent. 

Area  in  which  the  WHITE  and  PIGNUT 
HICKORIES  rarely  occur. 


It  occurs  on   dry   hills  and   uplands  from  southern   Maine  to 
soutliern  Ontario,  southern  Michigan,  Minnesota,  the  eastern  parts 


K.   C.   GEOLOOtCAL  SURVtV. 


BULLETIN  6.     PLATE  Vll. 


WHITE    OAK 


PIGNUT    WHITE    OAK.  8i^ 

of  Nebraska,  Hnd  Indian  Territory,  and  soiiili  to  western  Florida 
and  southern  Texas  ;  reaching  its  best  development  in  the  lower 
Ohio  basin. 

In  this  State,  where  it  reaches  an  average  height  of  70  to  80 
feet,  it  is  found  throughout.  It  is  not  a  common  tree  in  the  mount- 
ains, and  is  rare  in  the  coastal  plain  region  ;  but  along  with  the 
white  hickory  it  is  fairly  abundant  in  the  Piedmont  plateau 
re^^iou.     (Fig.  17,  p  88.) 

The  pignut  bears  fruit  frequcMitly  and  in  large  quantities,  and 
Young  growth  is  common  near  the  parent  trees  and  through  sec- 
ond-growth woods. 

The  leaves  are  long,  with  5  t(»  7  smooth  leaflets.  The  smooth, 
tapering  twigs  are  smaller  than  in  the  two  preceding  species.     The  ^ 

fruit  is  pear-shaped  or  rounded,  with  very  thin  husks  splitting 
about  halfway  to  the  base.  The  ratlier  thin-shelled  nut,  about  i 
inch  in  diameter,  contains  a  small  sweetish  or  slightly  bitter  ker- 
nel. The  polished  brown  winter  buds  are  egg-shaped  and  pointed 
or  rounded  It  has  rjumerous  lateral  roots  and  a  taproot  which 
is  developed  early  in  the  life  of  the  tree. 

The  wood  is  heavy,  hard,  very  stnmg,  and  tough,  flexible  and 
<!lo>e-g rained,  and  checks  in  drying;  dark  or  light  brown  in  color; 
the  thick  sapwood  lighter,  often  nearly  white.  Its  u>es  are  the 
same  as  those  of  the  6hag-])ark  hickory,  to  the  wood  of  which 
>pecies  for  some  purposes  it  is  preferred. 

Quercua  alba,    Linnaeus. 
(white  oak.) 

A  large  tree,  of  great  economic  value,  with  large  spreading 
branches  and  a  bark  which  is  either  light  gray,  slightly  rough- 
<jned,  and  in  the  older  trees,  loosens  in  large  thin  scales,  or  is  gray, 
firm,  and  deeply  furrowed.  It  reaches  a  height  of  150  and  a  diam- 
eter of  8  feet.     (Plate  VII.) 

It  occurs  on  all  soils  from  noithern  Maine  to  the  valley  of  the 
^t.  Lawrence,  westward  through  lower  Michigan   to  southeastern  . 

Minnesota,  and  southward   to   St.    John's  river  and   Tampa   bay,  I 

Florida,  and    the  valley  of  the  I^razos  river,  Texas;    reaching   its  j 
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best  development  or)  tlie  slopes  of  tlie  Allegliany  mountains,  and 
in  the  valley  of  tli(^  Oliio  river  and  fts  tributaries.  It  is  a  com- 
mon tree  in  a  considerable  portion  of  the  central  and  eastern 
states. 


In  North  Carolina,  where  it  attains  an  average  height  of  70  to 
80  and  an  average  diameter  of  4  to  5  feet,  it  occurs  throughout, 
and  is  common  everywhere  except  in  the  northeastern  part  of  the 
State  and  on  the  sandy  soils  of  the  southeastern  section.  It  is 
most  plentiful  on  the  Piedmont  plateau.     (Fig.  18.) 

Large  (quantities  of  seed  are  produced  about  once  in  three 
years.  The  acorns  germinate  in  all  kinds  of  soil  and  frequently 
seed  up  old  fields.  Young  seedlings  are  comtnon  in  all  situations, 
and  bear  well  either  the  deep  shade  of  the  old  tree  or  full  expos- 
ure to  the  sun.  Young  white  oaks  are  apt  to  form  a  large  part 
of  the  new  growth  after  the  removal  of  the  yellow  poplar,  short- 
leaf  pine  or  the  white  oak  itself.  In  many  parts  of  the  original 
forest,  on  poor  soil,  white  oak  is  the  predominant  tree,  and  it 
generally  forms  a  large  part  of  second  growth  of  mixed  hard- 
woods. Small  trees  sprout  freely  and  vigorously  from  the  stump. 
Indiviauals  over  3  inches  in  diameter  are  not  easily  killed  by  fire. 
Large  trees  are  rarely  hollow.  Though  a  large  number  of  insects 
live  on  the  white  oak,  it  is  not  seriously  injured  by  borers  or 
insects  which  attack  the  leaves  or  twigs.  A  weavil  frequently 
destroys  the  acorns. 

The  leaves  are  acute  at  the  base,  with  7   to  9  blunt,  rouii'ied,  . 
usually  entire  lobes.     The  male  flowers  are  in  long  slenoker  thrcjids. 
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the  female  very  minute.  Tiie  acorns,  usually  in  pairs,  have  rounded 
saucer-shaped,  rough,  warty  cups,  and  brown,  sweet,  edible  nuts. 
The  small  blunt  winter-buds  are  smooth,  as  are  the  light  brown 
or  gray  slender  twigs.  The  white  oak  has  a  taproot  and  numer- 
ous deeply  seated  lateral  roots. 

The  wood  is  strong,  very  heavy,  hard,  tough,  close-grained, 
liable  to  check,  and  very  durable  in  contact  with  the  soil ;  brown 
in  color ;  the  sapwood  lighter.  It  is  used  for  shipbuilding,  con- 
struction, cooperage,  carriages,  agricultural  implements,  railway 
ties,  fencing,  interior  finish,  cabinet-making,  baskets,  fuel,  etc. 
It  is  altogether  one  of  the  most  important  timbers  of  the  United 
States. 

In  North  Carolina  it  is  largely  used  for  fuel,  clapboards,  fenc- 
injr,  ties,  and  staves.  It  has  been  manufactured  into  lumber  for 
Wal  uses  only.  Large  ({uantities  of  merchantable  timber  still 
stand  in  the  mountain  counties  and  in  many  of  the  counties  of 
the  Piedmont  plateau.  The  bark  is  used  extensively  for  tanning,. 
lut  is  less  highly  valued  than  that  of  the  chestnut  oak. 

Quercus  minor.  Sargent. 
(post  oak.) 

A  tree,  with  rough  hard  gray  bark,  and  numerous  spreading 
'tranches,  reaching  a  height  of  100  and  a  diameter  of  5  feet ;  or  on 
the  Florida  coast  reduced  to  a  low  shrub. 

It  occurs  generally  in  poor  soil  from  Massachusetts  south  to 
northern  Florida,  and  west  through  southern  Ontario  and  Michi- 
gan to  eastern  Nebraska,  Kansas,  and  Indian  Territory,  and  into 
•entral  Texas,  and  is  very  common  in  the  Gulf  states  west  of  the 
Mississippi. 

In  this  State,  where  it  grows  to  a  height  of  50  and  a  diameter  of 
-Ifeet,  it  occurs  in  greatest  numbers  and  attains  its  largest  size  in 
the  Piedmont  counties.  Here  it  forms  with  the  white  oak  a  large 
part  of  the  second-growth  in  the  forest  and  in  old  fields.  It  is 
not  common  in  the  transmontane  counties.  In  the  eastern 
»e<-tion  it  frequently  forms,  on  the  margins  of  svramps,  a  lower 
story  beneath  the  willow  and  water  oaks.     ( Fiff.  19,  p.  92.) 

The  post  oak  bears  fruit  abundantly  e/ery   2    or  3  years,  and 


92 


TIMBER    TREES    OF     NORTH    CAROLINA. 


young  plants  are  common  in  thinned    and  second-growtli    woods, 
bearing  well  both   deep   shade   and   strong   light.     It   does   not 
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fiprout  as  freely  as  white  oak.  Although  in  favorable  situations 
the  growth  is  rapid,  in  general  it  grows  more  slowly  than  the 
white  oak. 

The  leaves  are  stiff,  leathery,  rough  above,  whitish  and  downy 
below,  and  divided  into  5  to  7  roundish  divergent  lobes,  the 
upper  lobe  large  and  often  double.  The  acorns,  borne  on  short 
foot-stalks,  are  small  and  sweet,  and  seated  in  deep,  grayish, 
smooth-scaled  cups.  The  winter-buds  are  small,  rounded,  smooth, 
and  dark  brownish-red. 

The  wood  is  heavy,  hard,  close-grained,  compact,  checks  badly 
in  drying,  and  is  very  durable  in  contact  with  the  soil;  dark  or 
light  brown  in  color  ;  the  sapwood  lighter.  It  is  used  for  construc- 
tion, cooperage,  shipbuilding,  fencing,  railroad  ties,  fuel,  and 
occasionally  for  carriage  stock.  Large  quantities  have  been  cut  in 
the  Piedmont  section  for  staves,  and  it  is  extensivel}'  used 
throughout  the  middle  and  eastern  counties  for  posts,  ties,  etc. 

Quercus   Isrrata,    Walter. 

(OVERCUP    OAK.       SWAMP    POST    OAK.) 

A  large  tree,  with  rough  flaky  gray  bark,  and  smooth  gray 
small  often  pendulous  branches,  reaching  a  height  of  100  and  a 
diameter  of  3  feet. 

It  occurs  in  wet  soil,  from  Maryland  southward  near  the  coast. 
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to  western  Florida,  westward  through  Alabama,  Mississippi,  and 
Louisiana,  to  the  valley  of  the  Trinity  river,  Texas,  and  through 
Arkansas  and  southeastern  Missouri  to  middle  Tennessee,  south- 
ern Indiana,  and  Illinois  ;  reaching  its  best  development  in  the 
valley  of  the  Red  river  and  adjacent  portions  of  Arkansas  and 
Texas.     It  is  rare  in  the  Atlantic  states. 

In  North  Carolina  it  occurs  on  the  oak  flats  of  the  coastal  plain^ 
and  in  the  alluvial  swamps  of  the  rivers  as  far  inland  as  Anson, 
Orange,  and  Nash  counties.     (Fig.  20.) 

The  uvercup  oak  hears  acorns  plentifully  at  intervals  of  3  or  4 
years,  but  young  seedlings  are  infrequent.  The  fruit  is  devoured 
by  swine,  and  the  young  plants  are  destroyed  by  browsing  cattle. 
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The  leaves  are  oblong,  crowded  at  the  ends  of  the  branchlets, 
and  7  to  9-lobed,  the  divisions  acute  or  blunt,  entire  or  somewhat 
toothed.  The  large  subglo])06e  acorn  is  nearly  covered  by  the 
scaly,  thin,  rugged,  fringed  cup.  The  light  chestnut-brown  winter- 
buds  are  small  and  egg-shaped.  The  overcup  oak  has  a  tap-root 
and  many  rather  deeply  seated  lateral  roots. 

The  wood  is  heavy,  hard,  strong,  tough,  close-grained,  and 
inclined  to  check,  and  very  durable  in  contact  with  the  soil;  rich 
dark  brown  in  color ;  the  sapwood  lighter.  It  is  used  for  the  same 
purposes  as  that  of  the  white  oak.  Very  little  of  this  timber  ha& 
ever  been  cut. 

QuercuB  prinus,  Linnseus. 

(rock    chestnut  oak.     chestnut  oak.     buck  oak.) 
A  large  tree,  with   deeply  furrowed    dark   gray    bark,  and   a 
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broadly  oval  crown,  reaching  a  height  of    100    and  a  diameter 
of  4  feet. 

It  occurs  from  southern  Maine  to  the  shores  of  Lake  Champlain, 
Quinte  bay,  Ontario,  and  the  valley  of  the  Genesee  river,  New 
York,  south  to  Delaware,  and  through  the  Appalachian  mountain 
region  to  northern  Alabama,  extending  westward  to  central  Ken- 
tucky and  Tennessee. 

In  North  Carolina  it  is  found  on  dry  soil  and  on  the  tops  of 
ridges  westward  from  Franklin  and  Montgomery  counties.  It 
reaches  its  best  development  on  the  slopes  of  the  lower  mountains 
»t  an  elevation  of  2,000  to  4,000  feet,  where  with  other  oaks  and 
the  chestnut  it  constitutes  a  large  part  of  the  forest.  Above  4,000 
feet  it  grows  on  the  driest  and  rockiest  ridges,  often  forming 
extensive  groves  of  pure  forest.  In  the  Piedmont  plateau  region  a 
f^maller  form  is  found,  which  seldom  reaches  a  diameter  of  one  foot. 
<Fig.  21,  p.  95.) 

The  rock  chestnut  oak  bears  acorns  very  plentifully  nearly  every 
year,  or  in  the  deep  woods  every  second  year.  Young  trees  in  all 
stages  of  growth  are  common  in  open  woods  on  dry  rocky  mount- 
ains or  in  abandoned  fields.  In  Lincoln  and  Union  counties  the 
chestnut  oak  forms  a  considerable  part  of  the  regrowth  after  the 
removal  of  mixed  hardwoods  and  the  short-leaf  pine.  Only  the 
smaller  trees  S[)rout  from  the  stump.  Many  of  the  large  8])eci- 
mens  growing  upon  dry  soil  are  hollow  at  the  butt  as  a  result  of 
frequent  fires.  Borers  often  penetrate  the  lower  parts  of  the 
stems  of  small  trees  which  occur  on  dry  ground,  but  trees  in  damp 
situations  are  nearly  always  sound. 

The  leaves  are  upon  short  stems,  usually  broadest  toward  the 
extremity,  and  with  6  to  13  large  rounded  teeth  on  each  side. 
The  acorns  are  large  and  oval,  with  thick,  warty  cups.  The  large 
blunt  winter-buds  and  the  twigs  are  smooth.  The  numerous, 
branching  roots  penetrate  deeply  into  the  soil. 

The  wood  is  heavy,  hard,  strong,  rather  tough,  close-grained, 
durable  in  contact  with  the  soil,  and  inclined  to  check  in  drying; 
dark  brown  in  color;  the  sapwood  lighter.  It  is  largely  used  for 
fencing,  railroad  ties,  and  fuel.     The  bark  is  rich  in  tannin. 


SWAMP    CHESTNUT    OAK. 


95 


A  lar^e  amount  of  hark  is  peeled  in  Buncombe,  Burke,  McDow- 
ell, and  Wilkes  counties  to  supply  local  tanneries,  and  much  timber 
has  been  cut  in  Lincoln  county  for  charcoal.  Large  quantities  of 
chestnut  oak  still  remain,  however,  in  all  the  western  counties. 

Quercus  michauxii,  I^iuttall. 
(basketoak.    cow  oak,    swamp  white  oak.    swamp  chestnttoak.) 

A  large  tree,  of  great  economic  value,  with  gray  rather  scaly 
hark  and  stout  branches,  reaching  a  height  of  120  and  a  diameter 
of  7  feet. 

It  occurs  from  Delaware,  south  through  the  lower  and  middle 
districts  to  northern  Florida,  thence  through  the  Gulf  states  to 
the  valley  of  the  Trinity  river,  Texas,  and  through  Arkansas  to 
southeastern  Missouri,  to  central  Tennessee  and  Kentucky,  and 
the  valley  of  the  lower  Wabash  river;  reaching  its  best  develop- 
ment on  the  rich  bottom  lands  in  southeastern  Arkansas  and 
Louisiana.     It  is  common  in  the  Gulf  states. 
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In  this  State  (fig.  21.)  it  is  found  in  swamps  of  the  coastal  plain 
and  Piedmont  plateau  regions,  and  on  the  bottom  lands  of  the 
Cape  Fear  and  Neuse  rivers,  attains  a  height  of  100  and  a  diame- 
ter of  6  feet. 

Abnndant  production  of  seed  occurs  at  intervals  of  2  to  3  years. 
Seedlings  are  common  in  wet  open  spots  on  damp  hill  sides  in  the 
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Piedmont  plateau  region.  Sprouts  grow  readily  from  the  stump, 
but  seldom  reach  a  large  size. 

The  leaves  are  rather  rigid,  downy  beneath,  and  with  large  reg- 
ular, rounded  teeth.  The  large  sweet  edible  acorns  are  set  in 
shallow  cups  which  are  roughened  with  acute  coarse  scales.  The 
brown  winter-buds  are  large,  smooth,  and  pointed.  There  are 
many  deep  lateral  roots. 

The  wood  is  heavy,  hard,  very  strong,  tough,  clnse-grained, 
compact,  easily  split,  and  very  durable  in  contact  wMth  the  soil ; 
light  brown  in  color;  thesapwood  darker.  It  is  used  for  agricult- 
ural implements,  cooperage,  wheel  stock,  baskets,  fencing,  fuel, 
and  construction.  In  the  eastern  counties  a  small  quantity  of  the 
timber  has  been  cut  for  local  uses. 

Quercus  virfiriniana,  Miller.* 
(live  oak.) 

A  large  evergreen  tree,  with  dark,  deeply  furrowed  bark  and 
gray  branches,  a  short  body  and  a  flat  or  spreading  top,  reaching 
a  height  of  60  and  a  diameter  of  7  feet ;  in  the  interior  of  Texas 
often  reduced  to  a  shrub.     (Plate  VIII.) 

It  is  found  near  the  coast  from  Virginia  to  southern  Florida 
and  along  the  Gulf  coast  to  Mexico,  extending  through  western 
Texas  and  the  valley  of  the  Red  river,  the  Apache  and  the  Gaud- 
alupe  mountains,  and  into  Mexico,  at  elevations  of  six  to  eight 
thousand  feet,  and  iti  the  island  of  Costa  Rica ;  reaching  its  best 
development  in  the  south  Atlantic  states. 

In  North  Carolina  it  occurs  near  the  coast  on  deep  sandy  soil 
with  the  water  and  willow  oaks,  American  olive,  and  southern  lin. 
North  of  Cape  Hattferas  it  is  a  rare  tree  but  south  of  that  point  it 
becomes  more  abundant  until,  at  the  mouth  of  the  Cape  Fear  river, 
it  forms  with  the  palmetto  a  considerable  part  of  the  maritime 
forest  of  Smith's  island.     (Fig.  22,  p.  97.) 

The  growth,  particularly  in  youth,  is  very  vigorous.  Young 
seedlings  are. common  near  old  trees.  Small  trees  sprout  readily 
from  the  stump. 

The  evergreen  leaves  are  thick,  leathery,  oblong  and   obtuse, 

♦Quercus  vlrens,  Alton. 
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smooth  above,  and  hairy  beneath.  The  frnit,  which  is  borne 
upon  a  long  stem,  is  an  oblong,  dark  brown,  or  black  acorn  set  in 
a  top-shaped,  downy  cup.  The  roots  are  spreading  and  rather 
deeply  seated,  and  can  bear  sea  water,  at  least  if  covered  only 
during  high  tide. 

The  wood  is  very  heavy,  hard,  strong,  tough,  close  grained, 
compact ;  it  takes  a  beautiful  polish,  but  is  difficult  to  work  ;  light 
brown  or  yellow  in  color;  the  sapwood  nearly  white.  It  is  used 
for  shipbuilding,  and  the  bark  is  occasionally  eni])loyed  for  tan- 
ning. It  is  not  abundant  enough  in  North  Carolina  to  be  of  com- 
mercial importance. 

QuercuB  rubra,  Linntens. 

(red  oak.) 

A  large  tree,  with  dark  brown  furrowed  bark,  nearly  black  on 
large  trunks,  and  rather  smooth  branches  which  form  a  large 
oval  or  round  head,  reaching  a  height  of  150  and  a  diameter  of 
7  feet.     (Plate  IX.) 

It  occurs  from  Nova  Scotia,  southern  New  Brunswick,  and 
eastern  Minnesota,  western  Iowa,  eastern  Kansas  and  Indian 
Territory  south  to  northern  Florida,  southern  Alabama  and 
Mississippi,  and  western  Texa^i,  reaching  its  best  development 
north  of  the  Ohio  river.      A  common  tree. 


L£GEKD 
Distribntioo  of  tKe  KBD  OAK 
lQu**n  Tip  riibra,  L  i 

Diistnbutwui  of  the  1*1  VK  UM\ 


In  the  coastal  plain  region  of  North  Carolina  it  is  rare ;  somewhat 
more  common  in  the   Piedmont   plateau  on  shady   hillsides   and 
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iinelj  ridged  bark,  and  smooth  gray  branches  which  form  an  oval 
top,  reaching  a  height  of  175  and  a  diameter  of  4  feet. 

It  occurs  from  Maine  to  Ontario,  Minnesota,  and  Nebraska,  and 
south  to  North  Carolina;  reaching  its  best  development  in  the 
lower  Ohio  basin.     It  is  usually  confounded  with  the  black  oak. 

•In  North  Carolina,  where  it  attains  a  height  of  80  and  a  diam- 
eter of  3J  feet,  it  occurs  sparingly  in  the  coastal  plain  on  sandy 
loam,  but  is  more  common  in  the  Piedmont  plateau  on  gravelly 
loam  growing  with  the  post  oak,  white  oak,  and  short-leaf  pine. 
In -the  mountains,  at  an  elevation  of  2,500  to  3,500  feet,  it  is  one 
of  the  commonest  trees.     (Fig.  24.) 
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The  scarlet  oak  bears  acorns  plentifully  every  2  or  3  years,  and 
young  plants  are  common  through  the  woods  in  many  of  the  west- 
ern counties.  Only  young  trees  sprout  readily  from  the  stump. 
Trees  over  3  feet  in  diameter  are  usually  hollow  or  red-hearted, 
dry  rot  causing  the  defect. 

The  thin  smooth  leaves  are  on  long  slender  stems  and  deeply 
cut  into  long  lobes  by  broad  round  notches.  They  turn  to  a  brill- 
iant scarlet  in  the  autumn.  The  small  oval  acorns  are  strongly 
pointed  and  half-imbedded  in  a  deep  coarsely-scaled  cup.  The 
slender,  slightly  angled  winter-buds  are  pointed,  and,  like  the 
slender  twigs,  smooth  and  reddish.  The  root  system  of  older 
trees  is  distinctly  lateral,  many  of  the  roots  being  superficial,  or 
frequently  exposed. 
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The  wood  is  heavy,  hard,  strong,  and  close-grained  ;  the  heart- 
wood  light  brown  or  red  ;  the  sapwood  rather  darker.  The  lum- 
ber, if  used  at  all,  is  confounded  with  that  of  the  red  oak.  The 
bark  is  sometimes  used  in  tanning,  but  is  inferior  to  that  of  the 
black  oak.  It  is  rarely  used  in  this  State  except  for  coarse 
staves  and  shakes,  and  for  fuel. 

Quercus  velutina,  Lamarck.* 

(black  oak.) 

A  large  tree,  with  rough  or  deeply  furrowed  nearly  black  bark, 
grayish  branches,  a  long  clear  trunk,  and  an  oval  crown,  reaching 
a  height  of  160  and  a  diameter  of  H  feet. 

It  is  very  common  on  dry  or  gravelly  uplands  from  Maine  to 
Minnesota,  eastern  Nebraska,  Kansas,  and  Indian  Territory,  and 
5?outh  to  western  Florida,  and  eastern  Texas.  It  reaches  its  best 
development  in  the  valley  of  the  lower  (3hio  river. 

In  North  Carolifia  (fig.  25),  where  it  attains  an  average  height 
of  80  to  90  and  an  average  diameter  of  4  to  5  feet,  it  is  most  abun- 
dant in  the  upper  part,  and  occurs  very  sparingly,  if  at  all,  in 
the  lower. 
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It  bears  fruit  abundantly  at  intervals  of  2  or  3  years,  and  seed- 
lings are  common  under  the  light  shale  of  the  parent  tree. 
Black  oak  forms  a  large  part  of  the  second  growth   mixed  hard- 


♦Querciis  tinctoria,  Bartrani. 
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wood  forests  in  the  middle  and  the  lower  part  of  the  Piedmont 
plateau.     Large  trees  are  often  hollow  or  red-hearted. 

The  forest  tent  caterpillar,  Clisiocampa  disstria,  Huebner,  is 
often  destructive  to  the  foliage,  and  much  injury  is  also  caused, 
especially  to  young  trees,  by  the  oak  pruner,  Elaphldiou  villosum, 
Fabricius. 

The  leaves  are  inversely  egg-shaped,  thicker  and  less  deeply 
cut  than  those  of  the  scarlet  oak,  and  usually  darker  in  color  and 
less  polished.  The  small  acorn,  nearly  half  enclosed  in  a  thick 
scaly  cup,  contains  a  yellowish  and  very  bitter  kernel. 

The  buds  are  thick,  pyramidal,  and  downy.  There  are  many 
deeply  penetrating  lateral  as  well  as  superficial  running  roots. 

The  wood  is  heavy,  hard,  strong,  not  tough,  coarse-grained,  lia- 
ble to  check  in  drying;  bright  brown  tinged  with  red  in  color; 
the  sapwood  much  lighter.  It  is  used  for  cooperage,  construction, 
etc.  The  bark  is  largely  used  for  tanning.  Quercitron,  a  valua- 
ble yellow  dye,  is  derived  from  the  inner  bark,  which  has  astrin- 
gent medicinal  properties. 

It  has  been  cut  extensively  throughout  the  Piedmont  plateau 
for  building  material  and  cooperage,  and  locally  the  bark  has 
been  employed  to  a  considerable  extent  in  tanning. 

•  Quercus  catesbsBi,  Michaux. 

(fork-leavkt)   black-.iack    oak.     sand    black-.iack    oak.      scrub 

oak.     turkey  oak.) 

A  small  tree,  with  oval  crown,  numerous  irregular  drooping 
branches,  and  deeply  furrowed  black  bark,  reaching  a  height  of 
about  50  and  a  diameter  of  2  feet. 

It  occurs  upon  barren  sandy  hills  and  ridges  from  Gates 
county,  N.  C,  to  central  Florida,  and  along  the  coast  to  eastern 
Louisiana. 

In  this  State  (fig.  23,  p.  i<9)  it  is  common  south  of  the  Neuse 
river  in  the  pine  barrens,  where  it  has  a  height  of  about  20  feet 
and  a  diameter  of  8  inches. 

Fork-leaved  black-jack  oak,  generally  bears  fruit  annually,  and 
seedlings  are  very  abundant  on  dry  sandy  soil.  Its  growth  is 
rapid,  but  in  North  Carolina  the  tree  seldom  lives  longer  than  4:0 
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years.  It  grows  frequently  with  the  long-leaf  pine,  and  often 
replaces  it  after  lumbering. 

The  rather  leathery,  broadly  oval  leaves  are  deeply  lobed.  The 
large  ovoid  acorn  is  half  enclosed  in  a  short-stalked,  thick,  top- 
shaped  Clip.  The  winter  bnds  are  large,  conical  and  covered  with 
brownish  down.     The  root  system  consists  of  deep  lateral  roots. 

The  wood  is  heavy,  hard,. strong,  close-grained,  (compact,  and 
light  brown  in  color  ;  the  sapwood  somewhat  lighter.  It  is  largely 
used  for  fuel.     The  ash  is  rich  in  alkali  and  the  bark  in  tannin. 


Quercus  digritata,  Sudworth.* 

(SPANISH    OAK.        RED    OAK.) 

A  tree,  with  a  large  spreading  top,  nearly  black  rough  bark,  and 
smooth  dark  gray  branches,  reaching  a  height  of  100  and  a 
diameter  of  6  feet. 

It  occurs  from  southern  New  Jersey  south  to  middle  Florida, 
through  the  Gulf  states  to  the  Brazos  river,  Texas,  and  through 
Arkansas  and  southeastern  Missouri  to  central  Tennessee  and 
Kentucky,  southern  Illinois  and  Indiana;  reaching  its  best  devel- 
opment in  the  South  Atlantic  and  Gulf  states. 

In  North  Carolina  wher^  it  attains  an  average  height  of  70  to 
SI)  and  a  diameter  of  3  to  4  feet,  growing  on  dry  heavy  soils,  it  is 
very  common  throughout,  (fig.  26,)  although  rather  less  so  toward 
the  mountains. 
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A^corns  are  borne  in  abundance  every  3  or  4  years,  and  young 

*  Quercus  cuneata,  Wangenheini  and  Q.  falcata  Micliaux. 


104  TIMBER    TREES    OF    NORTH    CAROLINA. 

• 

seedlings  are  plentiful  in  rather  dry  open  woods.  On  the  dry, 
rocky  nplands  of  the  counties  in  the  middle  part  of  the  State,  a 
considerable  part  of  the  second  growth  is  composed  of  this  species. 
Trees  over  3  feet  in  diameter  are  generally  not  sound  at  the  heart. 
Coppice  shoots  are  very  abundant  around  the  stumps  of  smaller 
trees.     This  tree  is  sensitive  to  late  frosts. 

The  leaves  are  divided  into  3  to.5  prolonged,  mostly  narrow, 
bristle-tipped  lobes,  and  are  downy  on  the  lower  surface.  The 
short-stemmed  fruit  consists  of  a  small  globose  acorn  half  enclosed 
in  a  somewhat  top-shaped  cup.  The  light  brown  winter-buds  are 
covered  with  a  light  reddish  down.  The  Spanish  oak  has,  in 
addition  to  many  deeply  penetrating  lateral  roots,  numerous  long 
feiuperficial  running  roots. 

The  wood  is  heavy,  very  hard,  strong,  not  durable,  coarse- 
grained, and  checks  badly  in  drying;  light  red  in  color;  the  sap- 
wood  lighter.  It  is^  «ae9^^io.f"c<*(^perage,  construction,  and  very 
largely  for  fuel.  T4ie  bark  i^fich  in  tannin.  A  large  amount  of 
Spanish  oak  timber  -is 'still "  Standing  in  the  Piedmont  plateau 
region,  where  it  is  on^^pftlie. most  common  trees. 

QuercuB  marilandica,  Muenchhausen.* 

(black-jack  oak.) 

A  small  tree,  with  rough  black  bark,  and  drooping  irregular 
branches,  reaching  a  height  of  60  and  a  diameter  of  2  feet. 

It  occurs  from  Long  Island,  New  York,  to  Wisconsin,  southern 
Minr  esota,  eastern  Nebraska,  Kansas,  and  Indian  Territory,  and 
south  to  Florida'  and  Texas ;  reaching  its  best  development  in 
southern  Arkansas,  and  eastern  Texas. 

In  North  Carolina,  where  it  has  an  average  height  of  not  more 
than  25  feet,  it  is  found  upon  barren  clay  or  loam  soils,  grpvelly 
for  the  most  part.  It  occurs  in  all  sections,  but  is  rare  in  the  lore 
elevated  mountain  counties. 

It  bears  fruit  plentifully  about  every  other  year;  and  seedlings 
are  abnndaiit  near  the  parent  trees  and  in  second  growth  woods. 

The  large  thick  wedge-shaped  leaves  are  smooth  on  the  upper 
and  covered  with   a  rusty  pubescence  on  the  lower  surface.     The 

♦Quercus  ni^ra,  Llnn»>us. 
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€iiiall  globular  acorn  is  half  enclosed  in  a  top-shaped,  coarse- 
scaled  cnp.  The  conicaU  bright  brown  winter-bnds  are.covered, 
like  the  angular  twi^^s,  with  a  light  gray  down.  The  buds  are 
frequently  injured  by  late  frosts.  The  black-jack  oak  has  a  lateral 
root  system. 

The  wood  is  heavy,  hard,  and  strong,  and  checks  badly  in  dry- 
ing; dark  red-browu  in  color;  the  sapwood  much  lighter.  It  is 
little  used  except  for  fuel. 


Qaercus  nigra.  Linnwus.* 

(WATER    OAK.) 

A  small  tree,  with  a  large  spreading  top,  dark  rough  bark  at 
the  base  of  the  stem  and  smoother  gray  bark  above,  reaching  a 
height  of  80  and  a  diameter  of  4  feet.     (Plate  X.) 

It  occurs  from  Delaware  through  the  coast  and  middle  districts 
to  Florida  and  Texas,  and  westward  to  Missouri  and  Indian  Ter- 
ritory ;  reaching  its  best  development  in  the  maritime  pine  belt 
of  the  eastern  Gulf  states.     A  common  tree. 

In  this  State,  where  it  reaches  an  average  height  of  40  to  50 
feet  and  an  average  diameter  of  12  to  20  inches,  it  is  abundant  on 
riioibt  soil,  usually  bordering  swamps  and  streams,  in  the  coastal 
plain  region  and  some  j)arts  of  the  Piedmont  plateau  region. 
(Fig.  27.) 
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It  ip  one  of  the  commonest  trees  on  the  oak  Hats  about  the  swamps 
of  the  coastal  plain. 

♦Quercus  aquatlca,  Walter. 
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The  larger,  crown-fonning  limbs  are  often  broken,  and  the  stem 
is  very  frequently  hollow  or  red-hearted.  The  trunk  is  apt  to  be 
covered  with  adventitious  shoots.  Even  large  trees  send  up 
numerous  sprouts  from  the  stump.     The  growth  is  generally  raj)id. 

The  leaves  are  generally  de(jiduous,  although,  on  the  Ci»a8t^ 
many  remain  green  during  the  winter,  especially  on  vigonnis 
shoots.  They  are  thick,  smooth,  narrowed  at  the  base,  and 
rounded,  or  3-lobed  and  bristle-tipped  at  the  extremity.  The  small 
globular-ovoid  acorn  is  set  in  a  very  sliallow  cup.  The  winter- 
buds  are  small  and  <'onical,  upon  slender  flexible  polished  brown 
twigs.     The  lateral  su])erficial  roots  are  large  and  well  developed. 

The  wood  is  heav}^  hard,  strong,  coarse-grained,  and  compact; 
rather  light  brown  in  color;  the  sapwood  lighter.  It  is  used  only 
as  fuel. 

Querous  laurifolia,  Michaux. 

(laurel  oak.     water  oak.     willow  oak.     pin  oak. 
turkey  oak.) 

A  tree,  with  dark  brown  minutely  roughened  bark,  and 
smoother  and  lighter  branches  which  form  an  oval  crown,  reach- 
in  jij  a  iieight  of  100  and  a  diameter  of  4  feet.     . 

It  occurs  from  North  Carolina  southward  near  the  coa^t  to 
Mosquito  Inlet  and  Cape  Rofiiano,  Florida,  and  along  the  Gulf 
coast  to  Mobilg  bay;  reaching  its  be?t  development  on  the  Flor- 
ida coast.      A  very  common  tree. 

In  North  Carolifia,  where  it  grows  to  a  height  of  ^0  to  70  and 
a  diameter  of  8  feet,  it  is  found  on  sandy  loam  in  the  coastal  j>lain 
region  on  oak  flats  borderir^g  swamps,  and  in  the  Piedmont  plat- 
eau usually  on  damp  soils  along  streams.     (Fig.  25,  p.  lOl.) 

It  bears  fruit  plentifully  once  in  3  or  4  years,  and  in  the 
coastal  plain,  in  moist  open  woods,  seedlifigs  are  abundant. 

The  leaves  are  thick,  smooth,  and  rounded  at  each  end.  The 
small  globose  or  slightly  oval  dark  brown  acorns  are  set  in  some- 
what pointed  very  short  stemmed  cups.  The  twigs  are  smooth, 
slender,  and  dark  brown,  th^  buds  ])ointed  and  lighter  colored. 
The  numerous  lateral  roots  generally  do  not  penetrate  very  deeply 
into  the  soil. 
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The  wood  is  heavy,  very  strong,  hard,  coarse-grained,  and 
inclined  to  check  in  drying  ;  dark  brown  in  XJolor  ;  the  sapwood 
lighter.  It  is  sometimes,  although  rarely,  used  for  clapboards 
and  coarse  staves. 

Quercus  brevifolia.  Sargent.* 

(upland    willow    OAK.       TURKEY     OAK.       BLUE    .TACK.) 

A  small  tree,  with  large  oval  crown,  rough  dark  gray  bark,  and 
slender  drooping  branches,  reaching  a  height  of  5o  feet  and  a 
diameter  of  IH  to  20  inches. 

It  occurs  on  sandy  barrens  and  dry  ridges  from  North  Carolina 
near  the  coast  to  Cape  Malabar  and  Pease  creek,  Florida,  and. 
westward  along  the  Gulf  coast  to  eastern  Texas. 

In  this  State,  where  it  has  an  average  height  of  30  feet  and  a 
diameter  of  10  inches,  it  is  found  in  the  pine  barrens  of  the 
coastal  plain  region.  Immediately  along  the  coast  it  sometimes 
reaches  a  larger  size. 

It  bears  fruit  abundantly  and  at  fretiuent  intervals,  and  seed- 
lings and  young  trees  arc  common  on  the  dry  pine  barrens. 

The  oblong  entire  leaves  are  bristle-tipped  and  covered  with  a 
white  down  on  the  lower  surface.  About  one-third  of  the  small 
globose  lioary  acorn  is  covered  by  a  stem  less  shallow  cup.*  The 
winter-buds  are  small  and  oval. 

The  wood  is  heavy,  hard,  strong,  close-grained,  and  compact  ; 
light  brown  in  color;  the  sapwood  darker.  It  is  used  only  for 
fnel.     The  bark  yields  a  fine  yellow  dye. 

Quercus  ioibricaria.  Miclmux^ 

(shingle    OAK.) 

A  slender  tree,  with  dark  gray,  rough  or  rather  smooth  bark, 
and  smooth,  light  gray  branches  which  form  a  large  spreading  top, 
reaching  a  height  of  100  and  a  diameter  of  4  feet. 

It  occurs  from  Pennsylvania  westward  to  western  Missouri  and 
northeastern  Kansas,  and  south  to  northern  Georgia  and  Alabama, 

♦Ouercus  clnerea,  Mlchaux. 
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middle  Tennessee,  and  northern  Arkansas  ;  reaching  its  best  devel- 
opment in  the  basin  of  the  Ohio  river. 

In  this  State,  where  it  attains  an  average  height  of  40  to  50  feet 
and  an  average  diameter  of  12  to  15  inches,  it  is  confined  to  the 
mountains  and  western  part  of  the  Piedmont  plateau,  where  it  is 
usually  found  along  streams  on  alluvial  loams.     (Fig.  28.) 


Seed  years  are  frequent  and  young  seedlings  are  common,  near 
the  parent  tree,  on  moist  valley  lands  in  the  mountains. 

The  oblong  lance-shaped  leaves  are  entire,  i)ale  downy  below, 
..nd  tipped  with  an  abrupt  sharp  .point.  The  acorn  is  nearly 
globular  and  about  one-third  to  one-half  enclosed  by  a  cup  which 
IS  covered  with  broad  w^hitish  closely  appressed  scales.  The 
brown  winter-buds  are  acute  and  small-scaled. 

The  wood  is  heavy,  hard,  rather  coarse-grained,  and  checks 
badly  in  drying;  light  brown  in  color  ;  thesapwuod  much  lighter. 
It  is  occasionally  used  for  clapboards  and  shingles,  and  in  con- 
struction. 

QuercuB  phelloB,  LinDaaus. 

(willow  oak.) 

A  tree,  with  large  spreading  crown,  rough  dark  brown  bark, 
and  smooth  branches,  reaching  a  height  of  80  and  a  diameter  ot 
4  feet. 

It  occurs  from  Staten  Island,  New  York,  south  near  the  coast  to 


N.  C.  OBOLOOICAL  SURVEY. 


BULLETIN  B.     PLATE  XL 


OHE8TNUT 


(;he8tnut.  109 

northeastern  Florida,  through  the  Gulf  states  to  eastern  Texas, 
and  through  Arkansas  to  southeastern  Missouri,  Tennessee,  and 
southern  Kentucky. 

In  this  State,  where  it  reaches  an  average  height  of  50  to  60 
and  an  average  diameter  of  2  feet,  it  occurs  in  large  numbers  in  the 
coastal  plain  region  and,  scatteringly,  in  the  Piedmont  plateau 
region,  in  moist  situations.     (Fig.  28,  p.  108). 

The  willow  oak  forms  a  considerable  portion  of  the  second- 
growth  liardwood  forests  on  the  moist  sandy  loams  of  the  coastal 
plain  region  and  young  trees  are  common  along  the  streams  of  the 
Piedmont  plateau.  Young  trees  sprout  vigorously  from  the 
fttunip. 

The  leaves  are  narrow,  lance-sKaped,  pointed  at  each  end,  thick, 
entire  or  nearly  so,  and  downy  when  young.  The  acorns  are  small, 
globose,  and  set  in  a  sliallow  flattened  cnp.  The  buds  are  small, 
pointed,  smooth,  and  light  brown  ;  the  twigs  slender.  The  willow 
oak  has  numerous  spreading  lateral  roots. 

The  wood  is  heavy,  strong,  not  hard,  rather  close-grained,  com- 
pact;  light  brown  in  color  tinged  with  red  ;  the  sapwood  a  lighter 
red.  It  it  somewhat  used  for  the  felloes  of  wheels,  clapboards, 
and  in  construction. 

Gastanea  dentata,  Borkhaunen. 
(chestnut.) 

A  very  common  large  and  valuable  tree,  with  deeply  furrowed 
dark  gray  bark,  and  smooth  light  gray  branches  which  form  a 
large  spreading  crown,  reaching  a  height  of  120  and  a  diameter 
of  13  feet.     (Plate  XL) 

It  occurs  from  southern  Maine,  southern  Ontario,  and  southern 
Michigan,  southward  to  Delaware  and  middle  Tennessee,  and 
along  the  Appalachian  mountains  to  northern  Alabama,  reaching 
its  best  development  on  the  western  slopes  of  the  southern  Alleg 
hanies. 

In  North  Carolina,  where  it  is  confined  to  the  mountain  region 
(fig.  29),  it  reaches  an  average  height  of  50  to  70  and  an  average 
diameter  of  5  feet,  but  in  favorable  locations  it  sometimes  attains 
the  largest  dimeiirsions  given  above. 
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Abundant  production  of  seed  occurs  about  every  other  year. 
Young  plants  are  plentiful  in  moderately  open  woods  and  in  old 
fields.     The  young  trees  are   decidedly  light-demanding  and  die 
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LEGEND    • 
Distribution  of  the  CHESTNUT 
(Castanea  dentata.  Borkh.\ 


Distribution  of  the  CHINQUAPIN 
(Castanea  pumila,  Mili.) 


quickly  in  deep  shade.  Specimens  over  5  feet  in  diameter  are 
generally  unsound.  After  lumbering  a  growth  of  the  same  species, 
together  with  oaks,  (generally  the  white,  scarlet  and  black  oak) 
springs  up.  The  chestnut  enters  largeh'  into  the  composition  of 
most  second  growth  hardwood  forests  in  the  extreme  western 
counties.  It  sprouts  very  freely  from  the  stump  and  the  shoots 
often  grow  to  ^be  large  trees.  The  stumps  retain  their  power  of 
s^prouting  for  many  years.  The  trunk  is  sometimes  attacked  by 
the  chestnut  borer,  Arliopalus  fnlminans,  Fabricius,  and  the  nuts 
by   the   chestnut  weevil,  Balaninus  caryatrypes,  Boheman. 

The  thin  oblong  leaves  are  straight-veined  and  serrate  with 
coarse  sharp  teeth.  The  yellowish-green  sterile  flowers  are  in 
large  spreading  bunches  of  catkins,  appearing  in  the  middle  of  the 
fiummer  ;  the  fertile  flowers  are  inconspicuous.  The  fruit  consist? 
of  t^  or  3  flattened  dark  brown  shining  edible  nuts  enclosed  in  a 
light  brown  prickly  bur.  The  winter-buds  are  small  and  ovate. 
A  taproot  is  early  developed.  Later,  strong  deeply  seated  lateral 
roots  are  formed. 

The  wood  is  light,  soft,  not  strong,  coarse-grained,  easily  split, 
very  durable  in  contact  with  the  soil,  and  liable  to  check  and 
warp  in  drying;  brown  in  color;  the  sapwood  lighten  It  is  used 
for    cabinet-making,    interior   finish,  railway    ^ps,.  fencing,  and 
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posts,  and  is  well  adapted  for  charcoal.     An  extract  from  the 
leaves  is  used  medicinally. 

The  chestnut  is  very  common  in  the  mountain  counties  of  North 
Carolina  at  an  elevation  of  2,500  to  4,500  feet,  and  is  sawed 
extensively  for  local  uses. 

Fairus  femigrinea,  Alton. 

(beech.) 

A  tree,  with  round  or  oval  crown,  smooth  light  gray  bark,  and 
delicate  branchlets,  reaching  a  height  of  110  and  a  diameter  of  4 
feet. 

It  occurs  from  Nova  Scotia  and  northern  Wisconsin,  south  to 
western  Florida  and  eastern  Texas;  reaching  its  best  development 
on  the  bluff  formations  of  the  lower  Mississippi  basin. 

In  this  State,  where  it  attains  an  average  height  of  50  to  ^^0  and 
an  average  diameter  of  i^  to  3  feet,  it  is  found  sparingly  and  of 
small  size  in  the  coastal  plain  region,  more  commonly  and  of 
larger  growth  in  the  Piedmont  plateau,  and  most  abundantly  and 
of  greatest  size  in  the  mountain  region. 

The  beech  bears  seed  plentifully  every  4  or  5  years,  or  along 
streams  or  in  sheltered  hollows  more  frequently.  Young  seedlings 
are  common  in  damp  shady  woods,  especially  above  3,000  feet  ele- 
vation. Towards  the  summits  of  many  high  mountains  it  forms, 
with  birch  and  sugar  maple,  nearly  the  entire  growth.  The  young 
trees  are  capable  of  enduring  deep  shade. 

The  leaves  are  thin,  smooth,  and  straight-veined,  each  vein  end- 
ing in  a  large  tooth.  The  sterile  flowers  occur  in  small  heads 
upon  drooping  silky  stems,  and  the  fertile  flowers  are  often  in 
pairs  on  the  summit  of  short  stalks.  The  fruit  consists  of  a  prickly 
bur,  enclosing  two  triangular  sharp-ridged  edible  nuts.  The 
brown  winter-buds  are  long,  slender,  and  pointed  ;  the  twigs  small 
and  smooth.  The  root  system  consists  of  long  superficial  roots 
which  are  frequently  exposed. 

The  wood  is  very  hard,  strong,  tough,  very  close-grained,  not 
durable  in  contact  with  the  soil,  and  inclined  to  check  in  drying; 
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dark  or  lighter  red  in  color;  the  sapwood  nearly  white.  It  takes 
a  beautiful  polish,  and  is  nsed  for  chairs,  shoe-lasts,  plane-stocks^ 
handles,  and  for  fuel.  The  bark  is  sometimes  nsed  for  tanning, 
and  a  valuable  oil  is  derived  from  the  nuts.  The  wood  is  little 
used  in  North  Carolina  except  for  fuel. 

Ostrya  virginica,  Willdenow. 

(hop   hornbeam.      IRONWOOU.) 

A  small  tree,  with  smooth  dark  brown  branches,  brownish  finely 
furrowed  bark,  and  an  oval  head,  reaching  a  height  of  50  and  a 
diameter  of  2  feet. 

It  occurs  from  the  Bay  of  Chaleur  to  northern  Minnesota, 
south  to  eastern  Texas,  and  along  the  Appalachian  mountains  and 
Piedmont  region  to  western  Florida  ;  reaching  its  best  develop- 
ment in  southern  Arkansas. 

In  North  Carolina,  where  its  average  height  is  20  to  30  feet, 
it  occurs  only  in  the  Piedmont  plateau  and  mountain  regions.  In 
rich  spots  near  the  summits  of  some  of  the  high  mountains,  at  an 
elevation  of  -1,500  to  5,200  feet,  it  forms  small  patches  of  almost 
pure  forest  or  grows  in  mixture  with  the  sugar  maple  and 
service  tree. 

The  hop  hornbeam  bears  seed  at  frequent  intervals.  Small 
trees  sprout  freely  from  the  stump.  Numerous  adventitious 
branches  grow  from  the  trunks  of  older  trees.  It  is  a  slow 
growing  tree  and  can  endure  deep  shade  even  in  youth.  Trees 
over  12  inches  in  diameter  are  very  often  hollow. 

The  thin  leaves  are  oblong-ovate  or  elliptical,  finely  pointed, 
sharply  toothed,  smooth  above  and  somewhat  hairy  beneath.  The 
male  flowers  occur  in  drooping  cylindrical  catkins,  the  female  in 
short  and  slender  ones.  The  fruit  is  hop-lik<?  and  is  made  up  of  from 
12  to  20  seed  vessels  each  (containing  one  hard  pointed  nutlet.  The 
prominent  winter-buds  are  dark  brown  and  cone-shaped.  The 
hop  hornbeam  has  a  tap-root  and  deeply  penetrating  lateral  roots. 

The  wood  is  heavy,  very  strong,  hard,  tough,  very  close-grained, 
compact,  light  brown  in  color,  or  often  nearly  white,  like   the 
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sapwood.     It  is  used  for  posts,  levers,  mill  cogs,  wedges,  mallets, 
and  the  handles  of  tools. 

Carpinus  caroliniana,  Walter. 

(hornbeam.       iron    wood.       BLUE    BEECH.       WATER    BEECH.) 

A  small  tree,  with  a  short  smooth  dark  bliiish-gray  or  slate- 
colored  trunk,  marked  by  irregular  longitudinal  ridges,  smooth 
grnj  branches,  and  a  round  or  flat  spreading  crown,  reaching  a 
height  of  60  and  a  diameter  of  3  feet. 

It  occurs  from  Nova  Scotia  to  northern  Minnesota,  southward 
to  central  Florida,  and  through  Iowa,  Kansas,  and  Indian  Terri- 
tory to  eastern  Texas  ;  reaching  its  best  development  on  the  west- 
ern slopes  of  the  southern  Appalachian  mountains,  and  in  southern 
Arkansas,  and  in  eastern  Texas. 

In  North  Carolina,  where  it  grows  to  a  height  of  25  feet  and  a 
diameter  of  14  inches,  it  is  found  along  water-courses  throughout 
the  State. 

It  bears  seed,  at  least  in  the  Piedmont  plateau,  very  frequently, 
and  young  growth  is  common  along  streams  where  the  trees  stand 
thinly.  The  best  growth  takes  place  under  moderate  cover, 
though  the  tree  adapts  itself  to  a  wide  range  of  light  and  shade. 

The  leaves  are  oblong  or  elliptical,  rounded  at  the  base,  sharply 
toothed,  and  slightly  hairy  on  the  veins  beneath.  '  The  male 
flowers  are  in  drooping  cylindrical  catkins.  The  fertile  spikes  are 
terminal,  long-stemmed,  and  6  to  V2  flowere«l.  The  angular  nuts 
are  solitary  and  at  the  base  of  a  3-lohed  leaf  like  scale.  The  win- 
ter-huds  are  small  and  acute;  the  twigs  slender.  The  roots  are 
superficial. 

The  wood  is  heavy,  very  strong,  close-grained,  and  inclined  to 
check  in  drying;  light  brown  in  color;  the  thick  sapwood  nearly 
white.     It  is  used  for  levers,  the  handles  of  tools,  etc. 

Betula  lutea,  F.  A.  Michauz. 

(yellow    BIRCH.       BITTER    BIRCH.) 

A  tree,  with  spreading  branches,  and  silvery  yellow  bark  which 
scales  oflf  in  thin  sheets,  reaching  a  height  of  95  and  a  diameter 

of  4  feet. 

8 
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It  18  common  from  Newfoundland  to  the  western  shores  of  Lake 
Superior  and  Rainy  Lake,  south  through  the  nortliern  states  to 
•Delaware,  and  southern  Minnesota,  and  along  the  Appalachian 
mountains  to  the  high  peaks  of  North  Carolina  and  Tennessee; 
reaching  its  best  development  in  southern  Canada  and  the  north- 
eastern United  States. 

In  this  State,  where  it  attains  a  height  of  80  to  90  and  a  diam- 
eter of  2  to  3  feet  it  is  contined  to  the  high  mountains,  where,  in 
damp  woods,  it  is  not  uncommon.     (Fig.  30,  p.  115.) 

Seed  is  produced  abundantlj'  every  2  or  3  years,  anil  young 
trees  are  common  in  damp  shady  woods  at  high  elevations.  It 
grows  rapidly  when  the  light  conditions  are  favorable.  Speci- 
mens over  three  feet  in  diameter  are  usually  hollow. 

The  leaves  are  elliptical  or  ovate,  coarsely  toothed,  and  hairy 
on  the  midrib  beneath.  The  male  catkins  are  cylindrical  and 
pendulous  ;  the  female  short  and  nearly  erect,  which,  when  mature, 
form  an  egg-shaped  cone,  H  inches  long,  made  up  of  stiff  tough 
3-lobed  scales  and  containing  winged  seeds.  The  flowers 
appear  in  early  spring  before  the  leaves.  The  prominent  winter- 
buds  are  smooth  and  conical.  The  undeveloped  male  catkins  are 
formed  in  the  fall  and  are  conspicuous  during  the  winter.  The 
yellow  birch  has  a  tap-root,  which  usually  forks  and  takes  a  lat- 
eral direction,  and  several  strong  lateral  roots. 

The  wood  is  heavy,  very  strong,  hard,  very  close-grained,  com- 
pact;  light  brown  in  color;  the  heavier  sapwood  nearly  white. 
It  takes  a  beautiful  polish,  and  is  used  for  furniture,  veneering, 
button  and  tassel-moulds,  spools,  pill  and  match  boxes,  the  hubs 
of  wheels,  flooring,  and  fuel. 

Betula  nigra,  Linneeun. 
(river  birch,     red  birch,     black  birch.) 

A  tree,  with  a  short  trunk,  a  large,  spreading  top,  reddish- 
brown  furrowed  bark  on  the  stem,  and  on  the  branches  reddish- 
white  bark  which  separates  in  thin  papery  layers,  reaching  a 
height  of  80  and  a  diameter  of  3  feet. 

It  occurs  in  moist  situations  from  Massachusetts  southward 
through  the  coast  and  middle  districts  to  western   Florida,  and 
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westward  to  western  Iowa,  and  eastern  Texas;  reaching  its  best 
development  in  the  south  Atlantic  states  and  the  basin  of  the 
lower  Mississippi  river. 

In  this  State,  where  it  reaches  an  average  height  of  40  to  60 
and  an  average  diameter  of  1  to  2  feet,  it  is  fonnd  along  streams 
and  on^the  borders  of  swamps  from  the  coast  to  the  mountainB, 
(Fig.  30.) 
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I  DistribntioD  of  the  YELLOW  BIRCH 
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It  bears  seed  at  frequent  intervals,  and  young  growth  is  cou)- 
mon  on  alluvial  soil  near  the  edges  of  holds  and  along  streams. 
Young  trce:^  when  cut  send  up  numerous  sprouts. 

The  leaves  are  acute  at  each  end,  doubly-toothed,  bright  green 
ahove,  and  glaucous  beneath  when  young.  The  fruit  is  an  oblong 
^])ike  (with  woolly,  3-lobed  bracts),  containing  the  small  rather 
broadly-winged  seeds.  The  river  birch  matures  its  seed  early  in 
summer.  The  winter-buds  are  oval  and  dark  brown  ;  the  twigs 
brown,  and  downy  when  young.  The  root  systein  consists  of 
deeply  penetrating  lateral  and  running  roots. 

The  wood  is  light,  rather  hard,  strong,  close-grained  and  com- 
pact;  brown  in  color;  the  sapwood  much  lighter.  It  is  used  for 
furniture,  woodenware,  wooden  shoes,  ox  yoke?,  etc.,  atid  cask 
hoops  of  inferior  quality  are  made  from  the  branches. 

Betula  lenta,  Linnteus. 
(cherry  birch,      black  birch.) 
A  tree,   with   reddish-brown   rough  bark  on   old   trees,  smooth 


116  TIMBER    TREES    OF    NORTH    CAROLINA. 

dark  bark  which  resembles  that  of  the  cherry  on  the  branches  and 
on  young  trees,  and  a  large  oval  crown,  reaching  a  height  of  80 
and  a  diameter  of  5  feet.     (Plate  XII.) 

It  occurs  from  Newfoundland  and  the  valley  of  the  Saguenay 
river  westward  through  Ontario  to  the  islands  of  Lake  Huron, 
southward  to  northern  Delaware  and  southern  Indiana,  anji  along 
the  Alleghany  mountains  to  western  Florida,  and  w^estward  to 
middle  Kentucky,  and  Tennessee. 

In  North  Carolina,  where  it  reaches  an  average  height  of  60  to 
80  and  an  average  diameter  of  2  to  2J  feet,  it  is  confined  to  the 
mountains.     (Fig.  30,  p.  115.) 

It  produces  seed  once  in  3  or  4  years.  Young  seedlings,  which 
are  common  in  damp  cool  woods,  arc  short  lived  if  very  heavily 
shaded.  Old  specimens,  over  2  feet  in  diameter,  are  often 
unsound.     Young  trees  sprout  from  the  stump. 

The  ovate  or  oblong-ovate  leaves  are  finely  pointed,  heart- 
shaped  at  the  base,  and  sharply  and  irregularly  toothed.  The 
fruit  is  cylindrical  or  elliptical,  with  rounded  ends,  1  to  IJ  inches 
long,  and  made  up  of  small  closely  set  scales.  The  buds  are  con- 
ical and  pointed.  The  cherry  birch  has  a  superficial  root  system, 
although  in  young  growth  there  is  a  prominent  tap-root. 

The  wood  is  heavy,  very  strong  and  hard,  close-grained,  com- 
pact;  dark  brown  in  color;  the  sapwood  light  brown  or  yellow. 
It  takes  a  beautiful  polish,  and  is  used  for  furniture  and  fuel,  and 
in  Nova  Scotia  and  New  Brunswick  for  shipbuilding.  Birch  beer 
is  made  from  the  sap  of  this  species.  In  some  parts  of  North 
Carolina  considerable  quantities  of  cherry  birch  have  been  cut 
for  lumber. 

Salix  nigra,  Marshal). 

(willow.       black    willow.       RIVER    WILLOW.) 

A  small  tree,  with  a  large  oval  crown,  dark  rough  bark  on  the 
trunk,  and  smooth  light  brown  bark  on  the  spreading  branches, 
reaching  a  height  of  50  and  a  diameter  of  2  feet,  or  towards  its 
southeastern  limit  a  mere  shrub. 

It  occurs  along  streams  from  New  Brunswick  and  Lake  Superior 
south  to  Florida  and  Texas,  and  in  the  valleys  of  the  Sacramento 
river,  California,  and  the  Colorado  river,  Arizona. 
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In  North  Carolina  it  is  found  from  the  coast  to  the  mountains, 
growing  on  loamy  soils  along  streams,  and  reaches  a  height  of  30 
feet  and  a  diameter  of  15  inches.  It  is  rare  in  the  high  moun- 
tains, but  in  the  Piedmont  plateau  is  much  more  abundant. 

Seed  is  ^rne  abundantly  and  at  frequent  intervals,  and  seed- 
lings are  common  on  bottom  lands.  Trees  of  all  sizes  sprout  from 
the  stump.  It  is  easily  propagated  from  cuttings.  The  smaller 
branches  and  twigs  are  often  injured  by  a  saw  fly,  Cimbex 
americana. 

The  leaves  are  narrow,  lance-shaped,  toothed  and  tapering  at 
the  ends.  The  flowers  appear  in  early  spring  in  drooping  catkins, 
the  male  and  female  on  separate  trees.  The  fruit  is  a  pendulous 
catkin,  made  up  of  small  capsules  containing  minute  seeds  which 
are  clothed  with  long  silky  hairs.  The  roots  are  very  fibrous  and 
tough.  The  light,  coarse  grained  wood  is  soft,  not  strong,  and 
brown  in  color;  the  sapwood  much  lighter^  ..The  bark  is  some- 
times used  medicinally.  '  »    r    -    v 

Populus  firrandiden.ta,  Michaux. 

(poplar.       ASPEN.       LARGE-TOOTHED    ASPEN.) 

A  tree,  with  a  short  body,  pyramidal  crown,  and  rather  smooth 
gray  bark,  reaching  a  height  of  80  and  a  diameter  of  2  J  feet. 

It  occurs  in  moist  situations  from  Nova  Scotia  and  TsewBruns- 
w'ck  westward  through  Ontario  to  northern  Minnesota,  south 
t  rough  the  northern  states,  and  along  the  Appalachian  moun- 
tfinsto  North  Carolina,  extending  westward  to  middle  Kentucky, 
and  Tennessee. 

In  this  State,  where  it  reaches  an  average  height  of  40  feet  and 
an  average  diameter  of  12  inches,  it  is  found  in  the  upper  part  of 
the  Piedmont  plateau,  but  is  not  very  common. 

Although  it  bears  seed  frequently,  young  seedlings  are  uncom- 
mon. The  rate  of  growth  is  uniformly  rapid.  The  trunk  is 
attacked  by  several  borers  and  the  leaves  are  often  stripped 
off  by  caterpillars. 

The  leaves,  which  are  borne  on  slender  flattened  stems  are 
roundish,  with  5  to  9  large  blunt  teeth  on  each  side.     The  flowers 
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appear  before  the  leaves  in  spring  in  drooping  cylindrical  catkins, 
the  sterile  and  fertile  on  separate  individuals.  The  fruit  is  a 
catkin  consisting  of  small  dry  capsules  with  minute  seeds,  coated 
vrith  cottony  down.     The  buds  are  conical  and  slightly  downy. 

The  wood  is  light,  soft,  not  strong,  close-grained,  and  compact; 
light  brown  in  color ;  the  sapwood  nearly  white.  It  is  used  for 
wood  pulp,  and  occasionally  for  turnery  and  woodenware. 

Populu8  heterophylla,  Linnwus. 

(COTTONWOOD.) 

A  rare  and  local  tree,  with  oval-oblong  crown,  dark  gray  bark, 
and  lighter  colored  branches,  reaching  a  height  of  90  and  a  diam- 
eter of  3  feet. 

It  occurs  on  the  borders  of  river  swamps  from  Connecticut,  gen- 
erally near  the  coast,  to  Georgia  and  western  Louisiana,  and  in 
Arkansas,  Tennessee,  Kentucky,  Illinois,  and  Indiana,  reaciiing 
its  best  development  in  the  basin  of  the  lower  Ohio  river. 

In  this  State,  where  it  attains  an  average  height  of  70  to  80 
feet,  it  is  found  in  the  rich  swamp  lands  of  the  lower  Cape  Fear 
river,  and  probably  elsewhere. 

The  leaves  are  ovate,  serrate  with  blunt  incurved  teeth,  and 
downy  on  the  veins  beneath. 

The  wood  is  light,  soft,  not  strong,  close-grained,  compact ;  dull 
brown  in  color;  the  thick  sapwood  lighter. 

Populus  monilifera.  Alton. 

(CAROLINA    POPLAR.       CAROLINA    COTTONWOOD.) 

A  large  tree,  with  dark  brown  rough  bark  and  oval  crown, 
reaching  a  height  of  170  and  a  diameter  of  8  feet. 

It  occurs  from  Vermont  to  Florida,  and  westward  to  Montana, 
Colorado,  and  New  Mexico,  growing  in  low  moist  soil.  It  is  com- 
mon in  the  West. 

In  this  State,  where  it  reaches  an  average  height  of  60  to  70 
feet,  it  is  rare,  ard  is  found  in  the  Piedmont  plateau. 

It  bears  seed  frequently  in   North  Carolina  but  never  abund- 
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antlj.  Youngs  trees  are  comraori  on  bottom  lands  along  streams. 
Stnmps  over  18  inches  in  diameter  sprout  freely  in  the  open. 

The  leaves  are  broadly  ovate,  and  serrate  with  large  incurved 
teeth.  The  winter  buds  are  conical,  shining  brown,  and  of  mod- 
erate size.  The  Carolina  poplar  has  numerous  strong  lateral 
roots. 

The  wood  is  very  light,  soft,  not  strong,  close-grained,  com- 
pact, liable  to  warp,  and  hard  to  season  ;  dark  brown  in  color  ; 
the  thick  sapwood  nearly  white.  It  is  used  for  paper  pulp,  pack- 
ing cabcs,  fence  boards,  and  fuel. 

Thuja  occidentalis,  Linnaeus. 
(arbor  vit.k.) 

An  evergreen  tree,  of  pyramidal  habit,  with  a  rapidly  tapering 
trunk  furnished  with  numerous  small  branches  at  irregular  inter- 
vals, reaching  a  height  of  60  and  a  diameter  of  5  feet,  or  at  its 
southern  limits  reduced  to  a  very  small  tree  or  shrub. 

It  occurs  from  New  Brunswick  to  Lake  Winnipeg,  south  to 
New  York,  Pennsylvania,  Illinois,  and  Minnesota,  and  along  the 
Appalachian  mountains  to  North  Carolina,  growing  on  wet  soil. 
It  is  very  common  in  the  North. 

In  this  State,  where  it  is  but  a  shrub  or  small  tree,  it  is  con- 
fined to  the  mountains. 

The  small  blunt-pointed  or  awl-shaped  leaves  are  thickly  pressed 
along  the  branchlets  in  4  rows.  The  flowers  are  very  minute. 
The  light  brown  cones  are  i  inch  lonir,  a'ld  each  of  the  6  to  12 
oblong  rounded  scales  protects  2  seeds. 

Tlie  wood  is  very  light,  soft,  not  strong,  brittle,  and  very 
durable  in  contact  with  the  soil;  light  brown  in  color;  the  thin 
sapwood  nearly  white.  It  is  used  for  fencing,  telegraph  ])ole?, 
railroad  ties,  and  shingle^,  and  sometimes  for  cabinet  work  and 
building.  An  oil  distille  1  from  the  leaves  has  been  used  in  pul- 
monary complaints. 

Cupreseus  thyoides.  Linnjeus.* 
(white  cedar,     .juniper.) 

A    slender   evergreen    tree,    with    numerous    short    spreading 
♦ChamsecyparU  sphnproidea,  Spach 
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branches  which  cover  the  greater  part  of  the  trunk  and  form  a 
conical  head,  and  reddish-brown  deeply  furrowed  or  loose  bark 
reaching  a  height  of  90  and  a  diameter  of  5  feet. 

It  occurs  in  deep  cold  swamps  from  Maine  along  the  coast  to 
northern  Florida  and  Mississippi,  and  is  rare  west  of  Mobile  bay. 

In  this  State,  where  it  reaches  an  average  height  of  40  and  an 
average  diameter  of  2  feet,  it  grows  in  wet  sandy,  often  peaty,soils 
in  the  coastal  plain  region,  extending  westward  to  Wake  and  Anson 
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counties.  (Fig.  31 )  It  frequently  occurs  in  pure  forest,  or  with 
the  white  bay,  or  scattered  in  small  clumps,  in  cypress  and  gum 
swamps. 

The  juniper  bears  seed  very  plentifully  nearly  every  year. 
Seedlings  are  common  near  the  parent  trees,  but  usually  die  under 
deep  shade.  Fire  is  verj'  destructive  to  trees  of  all  ages,  and 
extensive  areas  of  valuable  timber  have  been  burned,  particularly 
in  the  Dismal  Swamp.  In  man}'  swamps  large  quantities  of  fallen 
trees,  sound  and  fit  for  lumber,  lie  buried  at  various  depths. 

The  leaves  are  very  small,  ovate-pointed,  awl-shaped,  and 
closely  appressed  in  4  rows.  The  male  and  female  flowers  are 
separate  but  on  the  same  plant ;  the  male  catkins  cylindrical,  the 
female  globose.  The  cone?  are  very  small  and  globular,  with 
thick  scales  bearing  2  or  more  seeds  at  the  base.  The  juniper,  at 
least  in  peaty  swamps,  has  a  poorly  developed  tap-root  or  none  at 
all,  and  long  strong  superficial  lateral  roots. 

The  wood  is  very  light  and  soft,  not  strong,  close-grained,  com- 
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pact,  easily  worked,  and  very  durable  in  contact  with  the  soil  ; 
light  brown  in  color  ;  the  sapwood  lighter.  It  is  used  for  boat- 
building, woodenware,  cooperage,  shingles,  interior  finish,  tele- 
graph posts,  fence  posts,  railway  ties,  and  in  the  manufacture  of 
lampblack.  Charcoal  for  gunpower  is  made  from  the  smaller 
trunks. 

The  original  grqwth,  in  most  accessible  juniper  swamps  of  this 
State,  is  being  rapidly  removed.  There  still  remain,  however, 
large  quantities  in  Dare,  Tyrrell,  and  Gates  counties  and  in  the 
Dismal  Swamp,  which  are  yet  inaccessible. 


Juniparus  virginiana,  Linnteue. 
(red  cedar.) 

An  evergreen  tree,  with  pyramidal  head,  numerous  crowded 
drooping  branches,  and  dark  brown  shaggy  bark,  reaching  a  height 
of  100  and  a  diameter  of  6  feet,  or  at  its  northern  and  western 
limits  often  reduced  to  a  low  shrub.     (Plate  XIII.) 

It  is  one  of  the  most  widely  di5jtril>uted  North  American  trees, 
and  occurs  in  all  parts  of  the  United  States  except  western  Texas, 
California,  and  Oregon  ;  reaching  its  best  development  in  the 
valley  of  the  Red  river,  Texas. 

In  North  Carolina,  where  it  grows  to  an  average  height  of  30 
to  40  feet,  and  an  average  diameter  of  10  to  18  inches,  it  is  found 


throughout,  but  is  rare  and   of  small  size  in   the  liigh  mountain 
counties.     (Fig.  32.) 
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The  red  cedar  bears  seed  abundantly  nearly  every  year.  Young 
trees  frequently  form  a  large  part  of  the  growth  on  dry  rocky 
fields  and  hillsides,  particularly  in  the  Piedmont  plateau  region. 
Young  growth  is  often  overtopped  and  crowded  out  by  faster 
growing  pines  and  oaks,  although  it  can  live  in  deep  shade  for  a 
long  time.  Small  specimens  are  very  sensitive  to  fire.  It  is  very 
free  from  the  attacks  of  insects  and  from  all  fupgal  diseases. 

The  leaves  are  small,  entire,  scale-like,  and  sharp-pointed  or 
obtuse.  The  flowers  are  small  and  inconspicuous,  and  the  fruit  is 
a  small  ovate  smooth  berry,  dark  purple,  and  covered  with  a  glau- 
cous bloom.  On  deep  loamy  soil  the  red  cedar  has  a  well  devel- 
oped tap-root  and  numerous  deeply  seated  lateral  roots. 

The  wood  is  light,  soft,  not  strong,  brittle,  very  close  and 
straight-grrtined,  compact,  easily  worked,  and  durable  in  contact 
with  the  soil  ;  dull  red  in  color;  the  thin  sapvvood  nearh'  white. 
It  is  used  for  posts,  sills,  railroad  ties,  interior  finish,  cabinet 
making,  woodenware,  and  fur  lead  i)encils  to  the  exclusion  of  all 
other  woods.  The  wood  is  odorous,  and  an  infusion  of  the  ber- 
ries i?  used  medicinally. 

Taxodium  distichum,  Richard. 
(cypress,     bald  cypress  ) 

A  large  tree,  of  great  commercial  value,  with  deciduous  leaves, 
a  small  flat  spreading  or  pyramidal  top,  and  deeply  furrow^ed  or 
loose  reddish-brown  bark,  reaching  a  height  of  150  and  a  diameter 
of  13  feet. 

It  occurs  in  wit  situations  from  Delaware  to  Florida  and  Texas, 
and  in  Arkansas,  Kentucky,  Missouri^  Illinois,  and  Indiana  ;  reach- 
ing its  best  development  in  the  south  Atlantic  and  Gulf  states. 
It  is  common  and  forms  extensive  forests. 

In  North  Carolina,  where  it  reaches  an  average  height  of  60  to 
100  and  an  average  diameter  of  5  to  7  feet  it  occurs  in  the  coastal 
plain  regio!J  (fig.  33),  where  it  is  one  of  the  most  common  trees 
along  strealM;^  and  swamps.  It  i?  found  on  a  variety  of  soils  between 
a  heavy  mud-alluvium  and  a  light  sand  or  rarely  on  peaty  soil. 

Although  seed  years  are  frequent,  young  plants  are  not  cominon. 
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A  growth  of  gums  UBually  follows  the  cypress  after  lumbering. 
Large  specimens  have  swollen  butts  which  are  often  hollow.     The 
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timber  has  frequently  small  hollows  and  rotten  spots  scattered 
through  apparently  sound  logs. 

The  leaves  are  deciduous,  flat,  linear,  and  in  two  rows  on  the 
slender  branchlets.  The  male  and  female  flowers  are  borne  on 
the  same  tree;  the  male  in  drooping  flexible  catkins,  the  female 
in  ovoid  catkins,  singly  or  in  small  clusters.  The  fruit  is  a  small 
dark  brown  globular  cone  with  thick  scales.  There  are  many 
deeply  penetrating  lateral  roots,  and  long  superficial  roots  from 
which  the  "cypress  knees"  grow  to  a  height  of  one  to  four  feet.  . 

The  wood  is  light,  soft,  close  and  straight-grained,  not  strong, 
compact,  easily  worked,  and  very  durable  in  contact  with  the 
soil;  light  or  dark  brown  in  color;  the  sapwood  nearly  white. 
The  lumber  is  known  commercially  in  two  varieties,  the  black  and 
white  cyj  ress,  of  which  the  former  is  heavier,  harder,  and  more 
durable.  It  is  used  for  construction,  cooperage,  railroad  ties, 
fencing,  shingles,  water  pipes,  and  interior  flnish. 

Much  of  the  cypress  has  been  removed  along  the  larger  streams 
and  fr  )m  the  more  accessible  swamps  in  the  northeastern  counties 
lor  the  manufacture  of  lumber  and  shingles.  Large  quantities, 
however,  are  still  standing  in  the  State. 

Pinus  strobus,  Linnteus. 
(white  pine.) 
A  large  tree,  of  the  first  commercial  importance,  with  horizontal 
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branches,  and  roogh  furrowed  dark  fsjrayish-brown  bark,  reaching 
«  height  of  170  and  a  diameter  of  11  feet.     (Plate  XIV.) 

It  occurs  from  Newfoundland  to  the  Winnipeg  river,  south 
through  the  northern  states  to  Pennsylvania,  Michiecan,  Illinois, 
Iowa,  and  along  the  Appalachian  mountains  to  Georgia;  reach- 
ing its  best  development  in  the  region  of  the  Great  Lakes. 

In  this  State,  where  it  attains  an  average  height  of  60  to  70 
and  an  average  diameter  of  2i  feet,  it  is  confined  to  the  mountains. 
It  grows  for  the  most  part  at  an  elevation  of  1,500  to  3,600  feet, 
and  is  found  along  the  Blue  Kidge,  and  scatteringly  in  the  coun- 
ties west  of  it.     (Fig.  33,  p.  123.) 

The  white  pine  bears  seed  at  intervals  of  from  2  to  4r  years. 
Seedlings  are  common  in  open  woods,  and  in  old  fields  on  dry 
poor  soil.  It  prefers  a  sandy  loam,  but  is  found  on  clay  and  on 
«andy  soil.  It  grows  usually  on  rich  land  or  on  high  dry  stony 
ridges,  and  often  forms  large  patches  of  nearly  pure  forest.  The 
growth  is  slow  for  the  first  4  to  7  years,  then  very  rapid  for  40 
to  60  years,  after  which  it  again  grows  slowly.  It  is  a  long-lived 
tree,  sound  specimens  having  been  found  350  or  400  years  old. 
Specimens  under  10  inches  in  diameter  are  sensitive  to  tire. 

In  the  northern  states  the  grub  of  the  pine  borer  or  sawyer, 
Monohamnus  confusor,  Kirby,  attacks  the  sound  timber,  though 
less  frequently  than  that  of  decaying  trees.  The  white  pine 
•  weevil,  Pissodes  strobi.  Peck,  causes  a  great  deal  of  injury  by 
entering  and  destroying  the  leaders.  This  species  is  also  subject 
to  the  attack  of  the  grubs  of  various  bark  beetles. 

The  leaves  are  soft,  slender,  in  fives.  The  male  catkins  are 
oval,  the  female  long-stalked  and  cylindrical;  the  cones  long, 
narrow,  slightly  curved,  and  tapering  to  a  point.  The  seeds  are 
small,  smooth,  and  ovate,  with  thin  wings  about  1  inch  long. 
The  roots,  which  are  remarkable  for  their  durability,  usually  do 
not  penetrate  deeply  into  the  soil. 

The  wood  is  light,  soft,  not  strong,  very  close  and  straight- 
grained,  compact,  easily  worked ;  light  brown  in  color  ;  the  sap- 
wood  nearly.white.  It  is  used  for  lumber,  shingles,  laths,  build- 
ing material,  cabinetmaking,  interior  finish,  matches,  wooden- 
ware,  and   domestic  purposes,  and  is   altogether  one  of  the  most 
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nsefnl  timbers  of  the  United  States.     Its  threatened  exhaustion  is 
therefore  a  serions  matter. 


Pinus  tsBda,  LioDnas. 

(lOBLOLLT  pine,     old  field  pine.      SHORT-LEAF  PINE.      SWAMP  PINE.. 
SLASH  PINE.       ROSEMARY    PINE.       NORTH  CAROLINA  PINE.) 

A  large  and  valuable  tree,  with  a  long  clear  stem,  a  large  ovoid 
crown,  and  reddish-brown  bark  divided  into  flat  rectangular 
plates,  reaching  a  height  of  150  and  a  diameter  of  5  feet. 
(Plate  XV.) 

It  occurs  from  Delaware  to  Florida  and  Texas,  generally  near 
the  coast,  and  north  to  the  valley  of  the  Arkansas  river;  reaching 
its  best  development  in  eastern  North  Carolina. 
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In  this  State  (fig.  34),  where  it  attains  an  average  height  of 
50  to  70,  and  an  average  diameter  of  2  to  3  feet,  it  is  found  on  a 
great  variety  of  soils  and  situations  from  the  sea  level  to  an 
elevation  of  1,000  feet.  The  original  growth  is  on  moist  deep 
soil,  but  the  second  growth  has  sprung  up  largely  in  old  fields^* 
often  replacing  the  long-leaf  pine  on  the  moister  loamy  lands. 

It  bears  seed  generally  every  year,  and  abundantly  once  in  2  or 
3  years,  but  much  of  the  seed  is  imperfect.  Seedlings  are  very 
common  on  rather  moist  soil  in  abandoned  fields.  The  rate  of 
growth,  utider  sufficient  light,  is  very  rapid. 

The  slender   light   green  leaves   are   usually   in  threes,   with 
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rather  long  close  sheaths.  The  cones  are  ovate-oblons:  and  3  to  4 
inches  long  ;  the  scales  terminate  in  short  rigid  spines.  This 
species  has  a  tap-root  and  many  strong  deeply  penetrating  lateral 
roots. 

The  wood  is  light,  not  strong,  brittle,  very  coarse-grained  and 
not  dnrable  ;  light  brown  in  color,  the  very  thick  sapwood  orange 
or  often  nearly  white.  It  is  used  for  lumber  and  fuel.  Turpentine 
is  sometimes  obtained  from  this  tree. 

Pinus  rigrida.  Miller. 
(pitch   pine,     black  pine.) 

A  tree,  with  an  oblong  crown,  spreading  branches,  a  cylindri- 
cal, and  often  crooked  ^tem,  jmd.j-ather  flaky  dark  reddinh-brown 
bark,  reaching  a  height  of'SO  afiri  a'>iiameter  of  3  feet. 

It  occurs  from  New  Branswick-'to  ihe  northern  shores  of  Lake 
Ontario,  south  through  the  Atlantic  states  to  northern  Georgia, 
and  westward  to  West  Virginia  and  Kentucky.  A  very  common 
tree. 

In  this  State,  where  it  reaches  an  average  height  of  50  to  70 
feet  and  an  average  diameter  of  IS  to  24  inches,  it  is  found  in  the 
western  part  of  the  Piedmont  plateau  region  and  in  the  moun- 
tain counties  Aouth  of  the  French  Broad  river.  (Fig.  31,  p.  120.) 
It  grows  on  dry,  often  sandy  or  gravelly  ridges,  mixed  with  the 
short-leaf  and  scrub  pines. 

It  produces  seed  tften  and  in  abundance,  and  the  seedlinirSi 
which  require  a  good  deal  of  light,  are  common  in  dry  open  situ- 
ations, and  in  old  fieldrs.  Young  trees  sprout  from  the  stump  to 
some  extent,  but  the  sprouts  are  lihort-lived.  The  resistance  of 
the  pitch  pine  to  fire  is  exceptionally  great. 

The  rigid  flattened  leaves  are  usually  in  threes,  from  short 
sheaths,  and  3  to  5  inches  long.  The  cones  are  ovate  and  from  2 
to  nearly  4  inches  long,  the  scales  armed  with  a  short  recurved 
spine. 

The  wood  is  light,  soft,  not  strong,  brittle,  and  coarse-grained  ; 
light   brown  or  red   in  color;  the  thick  sapwood  yellow  or  often 
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nearly  white.     It  is  used  for  fuel,  charcoal,  and  coarse  lumber. 
It  has  been  sparingly  cut  for  lumber  in  North  Carolina. 

Pinue  serotiua.  Michaux. 

(pond    PINE.       SAVANNA    PINE.       SWAMP    PINE.       POCOSIN    PINE.) 

A  small  tree,  with  a  short  cylindrical  trunk,  numerous  short 
branches,  and  smooth  dark  brown  bark  broken  into  rectangular 
plates,  reaching  a  height  of  80  and  a  diameter  of  3  feet.  (Plate 
XVI.) 

It  occurs  on  low  peaty  or  wet  sandy  soils  of  the  worst  quality, 
from  Xorth  Carolina  to  Florida,  near  the  coast. 

In  this  State,  where  it  reaches  an  average  height  of  40  to  50 
feet,  it  18  common  in  the  small  swamps  of  the  coastal  plain,  and 
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is  occasionally  found  in  the  Piedmont  plateau  region.  (Fig.  35.) 
It  bears  seed  frequently,  and  y«>nng  growth  is  common  on  wet 
soil  near  old  trees  and  mixed  with  the  second  growth  of  loblolly 
pine.  A  great  deal  of  the  seed  will  not  germinate.  It  is  more 
sensitive  to  tire  than  the  loblolly  pine.  Old  specimens  are  often 
hollow  or  red-hearted. 

The  leaves  arc  in  threes,  5  to  8  inches  long,  somewhat  shorter 
and  from  shorter  sheaths  than  those  of  the  loblolly  pine.  The 
cones  frequently  remain  on  the  tree  several  years  before  dropping 
their  seed.  They  are  round-ovate,  2  to  3  inches  long,  with  scales 
rounded  at  the  apex  and  have  a  small  weak  prickle. 
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The  wood  is  heavy,  soft,  not  strong,  brittle,  coarse-grained; 
dark  orange  in  color;  the  thick  sapwood  pale  yellow. 

In  some  sections  of  the  State  the  pond  pine  is  manufactured 
into  lumber  with  the  loblolly,  from  which  it  is  not  distinguished 
commercially. 

Pinus  virginiana,  Miller.* 

(jersey  pine,     cedar  pine,     spruce  pine,     scrub  pine.) 

A  slender  tree,  with  a  short  stem,  very  numerous  limbs  which 
form  an  open  oval  or  conical  crown,  and  red-brown  frequently 
scaly  bark,  reaching  a  height  of  120  and  a  diameter  of  3  feet. 

It  occurs  from  New  York,  generally  near  the  coast,  to  Georgia, 
and  westward  to  Kentucky,  and  Indiana  ;  reaching  its  best  devel- 
opment west  of  the  Appalachian  mountains. 

In  this  State,  where  it  grows  to  a  height  of  20  to  40  feet  and  a 
diameter  of  12  to  15  inches,  it  occurs  sparingly  in  the  Piedmont 
plateau  on  gravelly  ridges  with  the  short-leaf  pine,  and  along  the 
foot  and  on  the  spurs  of  the  Blue  Ridge  much  more  abundantly, 
mixed  with  the  white  and  pitch  pines,  or  sometimes  forming 
small  patches  of  pure  forest.  It  is  also  found  west  of  the  Blue 
Ridge.     (Fig.  36.) 


Seed  is  produced  plentifully  once  in  2  or  3  years,  and  seedlings 
are  very  common,  particularly  in  old  fields,  together  with  those 

*Plnu8  inops,  Alton. 
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of  the  short-leaf  pine.     The  rate  of  growth  is  very  rapid,  but  the 
tree  is  short-lived. 

The  leaves  are  short,  '2J  to  3  inches  long,  rigid,  in  short  sheaths, 
and  usually  in  twos.  Tlie  cones  are  light  brown,  solitary,  curved, 
and  oblong-conical,  the  scales  armed  with  a  rigid  prickle.  The 
root  system  is  inclined  to  be  somewhat  heart-shaped,  with  a  well 
developed  tap-root. 

The  wood  is  light,  soft,  not  strong,  brittle,  close-grained  and 
durable;  light  orange  in  color;  the  thick  sapwood  nearly  white. 
It  18  used  for  fuel,  water  pipes,  and  pump  logs.  In  North  Caro- 
lina it  is  used  in  the  manufacture  of  charcoal,  and  to  some  extent 
for  fencing. 

PinuB  puDfirens,  Michaux. 

(table  mountain  pine.) 

A  tree,  with  rough  reddish-brown  bark  and  a  large  spreading 
crown,  reaching  a  height  of  60  and  a  diameter  of  3i  feet. 

It  occurs  along  the  Alleghany  monntains  from  Pennsylvania  to 
Tennessee,  where  it  reaches  its  best  development.  A  common 
tree,  sometimes  forming  pure  forest. 

In  North  Carolina  it  attains  an  average  height  of  30  to  50  feet, 
and  an  average  diameter  of  12  to  20  inches,  and  is  found  only 
along  the  Blue  Ridge  and  the  ranges  immediately  eastward  on 
the  driest,  most  barren  ridges,  usually  associated  with  the  pitch 
pine,  and  the  chestnut  and  scarlet  oaks.  It  is  most  abundant  in 
the  southeastern  parts  of  Macon  and  Jackson  counties.  (Fig.  36, 
p.  128.) 

It  bean?  seed  abundantly  ;  seedlings  are  common  in  open  woods 
near  the  old  trees,  and  in  abandoned  fields. 

The  leaves  are  2  to  2J  inches  long,  stout,  and  generally  in  twos. 
The  light  yellow  very  compact  cone,  3  inches  long  and  2  inches 
broad  at  the  base,  has  very  broad  strong  sharp  spines,  1-6  inch 
long,  bent  toward  the  top  of  the  cone. 

The  wood  is  light,  soft,  not  strong,  brittle,  coarse-grained ;  light 
brown  in  color;  the  thick  sapwood  nearly  white.  It  is  used  for 
charcoal  and  to  some  extent  in  construction. 
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Pinus  echinata,  Miller.* 

^(8H0RT-LKAF  PINE.       YELLOW   PINE.       SPRUCE  PINE.       ROSEMARY  PINE. 

HEART  PINE.) 

A  tree  of  commercial  importance,  with  a  long  clear  stem,  a 
broad  oval  ciown,  and  brownish-red  bark  broken  into  rectangular 
plates,  reachinjr  a  height  of  100  and  a  diameter  of  4i  feet. 

It  occurs  from  New  York  to  Florida  and  Texas,  through  Arkan- 
sas to  Indian  Territory,  Kansas,  and  Missouri,  and  in  Illinois; 
reaching  its  best  development  in  Louisiana,  Arkansas  and  Texas. 

In  North  Carolina,  where  it  grows  to  a  height  of  70  to  90  feet 
and  a  diameter  of  2  to  3i  feet,  it  is  found  throughout,  and  enters 
into  the  composition  of  most  upland  forests.  It  appears  less  com- 
monly in  the  coastal  plain  region,  being  especially  rare  south  of 
the  Neuse  river.     (Fig.  37.) 
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The  short-leaf  pine  produces  some  seed  annually,  and  hears  abun- 
dantly about  once  in  three  years.  Seedlings  are  common  on  well- 
drained  soil,  occupying  abandoned  fields  and  often  growing  in  mix- 
ture with  the  loblolly  pine.  The  rate  of  growth  in  youth  is  very 
rapid.  On  higli  exi)06ed  situations  it  is  sometimes  thrown  by  the 
wind. 

The  dark  green  slender  leaves  are  usually  in  twos,  from  a  long 
sheath,  and  3  to  5  inches  long.  The  cone,  smaller  than  that  of 
the  other  North   Carolina  pines,  and  armed   with  slender  short 

♦Plnus  niltls,  Mlchaux. 
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spines,  is  rarely  2  inches  lon^.     It  has  a  strong  tap-root  and  sev- 
ertil  lateral   roots. 

The  wood  varies  greatly  in  quality  and  in  the  amount  of  sap- 
wood.  It  is  heavy,  hard,  strong,  and  generally  coarse-grained  ; 
orange  in  color;  the  sapwood  nearly  white.  It  is  much  used  for 
lumber,  for  which  purpose  it  is  only  inferior  to  that  of  the  long- 
leaf  pine. 

In  the  middle  sections  near  the  railroad  it  has  been  largely 
removed.  Large  quantities  still  remain,  however,  in  Stanly, 
Cabarrus,  Randolph,  Caswell,  Davidson,  Surry,  Wilkes,  Alexan- 
der, Iredell,  Yadkin,  Cleveland,  Rutherford,  and  Caldwell  coun- 
ties. The  amount  sawed  in  this  State  in  1894  probably  was  be- 
tween 50,000,000  and  60,000,000  feet,  board  measure,  the  larger 
part  of  which  was  for  local  use. 

On  account  of  its  tendency  to  spring  up  in  old  fields  and  open 
woods,  and  the  excellent  quality  of  its  timber,  the  short-leaf  pine 
is  probably  destined  to  assume  very  extensive  economic  importance 
in  the  future. 

PinuB  palustris,  Miller. 

(long-leaf   1»INE.) 

A  tree  of  the  first  commercial  value,  with  a  lon^  slender  trunk 
free  from  branches,  a  small  round  head,  and  thin  bright  red- 
brown  thin-scaled  bark,  reachirg  a  height  of  95  and  a  diameter 
(•f  4  feet.     (Plate  XVII.) 

It  occurs  from  Virginia  to  Florida  and  Texas,  rarely  beyond 
150  miles  from  the  coast,  and  reaches  its  best  development  in 
northeastern  Texas  on  the  gravelly  uplands  of  the  valleys  of  the 
Sabine  and  Trinity  rivers. 

In  North  Carolina,  where  it  reaches  an  average  height  of  70 
feet  and  an  average  diameter  of  15  to  20  inches,  it  is  found  (fig. 
3S)  in  pnre  forest  from  the  Neuse  river  southward,  occupying  all 
the  highest  and  driest  sandy  lands  from  the  coast  to  within  a  few 
miles  of  Troy,  in  Montgomery  county,  and  Rockingham,  in  Rich- 
mond county.  Only  along  its  western  limits  does  it  occur  associated 
to  any  extent  with  other  trees.  The  long-leaf  pine  formerly  extended 
in  an   almost  unbroken  forest  to  Virginia,  but  it  has  been  either 


132 


TIMBER    TREES    OF    NORTH    CAROLINA. 


entirely  cut  out  or  so  much  thinned  that  it  is  of  little  commercial 
value  north  of  the  Neuse  river.  The  loblolly  pine  has  for  the 
most  part  taken  its  place,  except  on  very  dry  and  sterile  soils. 
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The  long-leaf  pine  bearfi's^edVery  abundantly  only  at  long  and 
irregular  intervals.  A  fair  production  of  seed  occurs  about  once 
in  5  years,  while  in  the  intermediate  years  the  yield  is  small  and 
localized.  After  a  seed  year  the  young  plants  are  very  abun- 
dant throughout  the  woods,  but  are  killed  in  large  numbers  either 
by  forest  fires,  by  the  dense  shade,  or  by  swine  rooting  them  up 
to  devour  the  sweet  tender  roots.  Young  trees  are  very  sensitive 
to  fire.  After  the  first  four  or  five  years  trees  in  the  open  grow 
very  rapidly  until  about  15  years  old,  particularly  in  height,  after 
which  time  the  growth  is  slow.  When  the  long-leaf  pine  is  cut 
or  burned,  and  prevented  from  reproducing  itself  on  account  of 
fires  and  «wine,  the  loblolly  pine  often  follows  on  damp  soils,  and 
scrub  oak  or  fork-leaved  black-jack  oak  on  high  dry  sandy  lands. 

The  timber  loss  by  fire  on  long-leaf  pine  lands  in  1893  amounted 
to  not  less  than  $100,000.  At  rare  intervals  extensive  tractt^  are 
destroyed  by  bark  beetles.  Scattered  trees  are  injured  in  locali- 
ties where  the  dead  tops  have  been  left  in  the  woods  after  lum- 
bering. Beetles  attack  trees  which  have  been  injured  by  turpen- 
tine opeiations,  which  often  so  weaken  them  that  many  are  thrown 
by  the  wind.  In  1893  the  losses,  principally  through  this  cause, 
amounted  to  between  ten  and  fifteen  million  feet,  board  measure. 

The  leaves  are  10  to  15  inches  long,  in  threes  from  long  sheaths, 
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and  clustered  on  the  ends  of  the  thick  scaly  branchlets.  They 
remain  on  healthy  trees  about  3  year^,  but  on  boxed  trees  only 
about  two.  The  sterile  flowers  are  rose  colored,  appearing  about 
the  first  of  April,  and  the  large  silky  winter  buds  are  white.  The 
cones  are  light  brown,  cylindrical  or  conical-oblong,  6  to  10 
inches  long,  and  have  thick  scales  armed  with  a  stout  blunt  spine. 
A  tap-root  is  developed  in  early  life  and  is  often  forked.  The 
root  system  of  old  trees  tends  to  be  heart-shaped  with  the  lateral 
roots  penetrating  deeply. 

The  wood  is  heavy,  hard,  strong,  tough,  coarsegrained,  and 
durable;  light  red  or  orange  in  color;  the  thin  sapwood  nearly 
white.  It  is  widely  used  for  construction  of  all  kinds,  interior 
finish,  fencing,  railroad  ties,  etc.  Turpentine,  tar,  pitch,  rosin, 
and  spirits  of  turpentine  are  obtained  almost  exclusively  from 
this  species. 

The  largest  bodies  of  standing  long-leaf  pine  are  in  Moore, 
Montgomery,  Cumberland,  Robeson,  and  Bladen  counties,  and 
probably  not  more  than  50,000  acres  still  remain  unboxed.  Wil- 
nun<i:ton  has  for  a  long  time  been  an  important  centre  for 
the  manufacture  of  lumber  from  tliis  species,  and  much  has  also 
been  cut  in  the  Aberdeen  district  in  Moore  and  Cumberland 
counties. 

Picea  nigrra.  Link. 

(BLACK  HPRrOE.   HE  BALSAM.   LASH  HORN.   TAMARAC.) 

A  tree,  with  spreading  branches  which  form  a  conical  crown,  a 
long  cylindrical  trunk,  and  dark  brown  scaly  bark,  reaching  a 
height  of  90  and  a  diameter  of  4  feet.     (Plate  XVIII.) 

It  occurs  trom  Newfoundland  to  Hudson  bay,  the  mouth  of 
the  Mackenzie  river,  and  the  eastern  slopes  of  the  Kocky  moun- 
tains, and  south  through  the  northern  states  to  Pennsylvania, 
Michigan,  Wisconsin  and  Minnesota,  and  along  the  Appalachian 
mountains  to  North  Carolina. 

In  this  State,  where  it  is  confined  to  the  upper  slopes  of  the 
highest  peaks,  above  an  elevation  of  5,000  feet,  from  Elk  Knob 
in  Ashe  to  CHugman's  Dome  in  Swain  county,  it  forms  pure 
forest    or   toward    tlie    summits   is  mixed   with   Carolina  fir  and 
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beech,  and  reaches  an  average  height  of  40  to  50  feet  and  an 
average  diameter  of  15  to  20  inches.  In  favorable  localities  at 
its  lower  limits,  it  attains  a  height  of  nearly  100  and  a  diameter 
of  4  feet. 

It  bears  seed  in  abundance,  in  this  State,  only  at  long  and  irreg- 
ular intervals.  Young  growth,  however,  is  common  in  the  thick 
woods. 

Great  quantities  of  spruce  have  been  dtstroyed  by  bark  beetles, 
notably  in  Maine  and  in  the  Adirondack  mountains  of  New  York. 
A  bud  worm,  Tortrix  fumiferana,  Clemens,  which  attacksi  the 
shoots  and  foliage,  is  one  of  its  most  deadly  enemies. 

Thu  dark  green  needle-shaped  rigid  leaves  are  scattered  on  all 
sides  of  the  slightly  downy  branchlets.  The  cones  are  ovate  or 
ovate-oblong  and  1  to  li  inches  long,  with  thin  roundish  scales. 

The  wood  is  light,  soft,  not  strong,  close  and  straight-grained  ; 
light  red,  or  often  nearly  white  in  color  ;  the  sapwood  lighter.  It 
is  used  for  construction,  sliipbuilding,  piles,  posts,  railroad  ties, 
etc.     Spruce  beer  is  made  from  this  species. 

The  largest  bodies  of  spruce,  in  North  Carolina,  are  on  the 
Black  mountains  in  Yancey  county.  Grandfather  mountain  in 
Watauga,  the  Balsam  mountains  in  Haywood,  and  the  Great 
Smoky  mountains  in  Swain  county. 

Tsuga  canadeneis,  Carri^re. 
(hemlock,     spruce  pine.) 

A  large  tree,  with  a  large  conical  croNMi, 'numerous  spreading 
branches,  and  dark  red-brown  deeply  furrowed  bark,  reaching  a 
height  of  110  and  a  diameter  of  6  feet.     (Plate  XIX.) 

It  occurs  generally  on  northern  slopes  From  Nova  Scotia  to 
northern  Wisconsin,  and  south  to  Delaware,  Michigan,  central 
Wisconsin,  and  along  the  Appalachian  mountains  to  Alabama; 
reaching  its  best  development  in  the  high  mountains  of  North 
Carolina  and  Tennessee. 

In  North  Carolina,  where  it  attains  an  average  height  of  70  to 
80  and  an  average  diameter  of  2  to  3  feet,  it  is  common  in  the 
mountains  in  cool  ravines  along  streams  on  loamy  or  rich  vegeta- 
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ble  soil,  associated  with  cherry  birch,  yellow  birch,  and  the 
Rhododendron.     (Fig.  35,  p.  123.) 

It  bears  seed  frequently,  and  young  seedlings  are  common  in 
the  shade  of  the  old  trees.  The  hemlock  is  very  free  from  the 
attack  of  injurious  insects.  Tall  trees  in  exposed  situations  are 
often  thrown  by  the  wind. 

The  dark  gre.en  leaves  are  linear,  flat,  obtuse,  two-ranked,  and 
whitish  beneath.  The  cones  are  small,  oval  or  oblong,  with  the 
scales  smooth  and  entire.  The  hemlock  has  numerous  spreading 
lateral  and  superficial  roots. 

The  wood  is  light,  soft,  not  strong,  brittle,  coarse  and  crooked- 
grained,  difficult  to  work,  liable  to  windshake  and  splinter,  and 
not  durable  ;  light  brown  or  often  nearly  white  in  color  :  the  sap- 
wood  somewhat  darker.  Commercially  two  varieties,  the  red 
and  the  white,  are  recognized.  The  coarse  lumber  is  used  for 
construction,   outside    finish,   and   railroad   ties.  The   bark  is 

extensively  employed  for  tanning,  and  jjelds  a  powerful  astrin- 
gent.    Canada  or  hemlock-pitch  is  uiadii.frdhf  this  species. 

A  good  deal  of  hemlock  has  been  cut  near.  Qranberry  for  the 
bark,  and  large  quantities  of  logs  tjave*  beew  floated  down  the 
branches  of  the  Tennessee  river  from^rabam  ^-iid  Swain  coun- 
ties to  Knoxville,  Tenn. 

Tsuga  caroliaiana,  En^elmanu. 

(CAROLINA     HEMLOCK.        HEMLOCK.       SPRU(5E    PINE.) 

A  tree,  with  conical  crown,  numerous  branches  upon  two-thirds 
of  the  stem,  and  rough  thick  red-brown  bark,  reaching  a  height 
of  50  to  70  and  a  diameter  of  2  to  3  feet. 

It  is  found  locally  along  the  eastern  Appalachian  mountains 
from  the  Saluda  mountains,  South  Carolina,  to  Aj^he  county  in 
North  Carolina,  where  it  occurs  on  clifts  along  the  South  Fork  of 
the  New  river,  near  Elk  Cross-roads,  and  on  spurs  of  the  Blue 
Ridge;  also  in  the  gorge  of  the  Doe  river  in  Carter  county,  Tenn. 
(Fig.  35,  p.  123.)  It  grows  on  dry  and  rocky  ridges,  rarely  form- 
ing pure  forest. 
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The  Carolina  hemlock  bears  seed  frequently,  but  usually  not  in 
abundance.     Seedlings  are  common  in  dense  woods. 

The  leaves  are  longer  and  more  scattered  than  those  of  the 
common  hemlock,  to  which  the  tree  bears  a  general  resemblance. 
The  cones  are  larger,  drooping,  and  with  spreading  scales. 

The  coarse-grained  brittle  wood  is  light  and  soft ;  light  brown 
tinged  wnth  red ;  the  sapwood  nearly  white. 

Abies  fraseri,  Lindley. 
(balsam.) 

A  tree,  with  conical  crown,  numerous  spreading  branches,  and 
light  gray  rather  smooth  bark,  reaching  a  height  of  SO  and  a 
diameter  of  2  feet. 

It  occurs  on  moist  slopes  at  an  elevation  of  5,000  to  t>,500  feet, 
uj)on  the  mountains  of  North  Carolina  and  Tennessee,  often  form- 
ing considerable  forests. 

In  this  State,  where  it  reaches  an  average  height  of  less  than 
40  feet  and  an  average  diameter  of  12  to  15  inches,  it  is  common 
on  the  highest  suuimits  o^-ihp..m"ountain  region,  but  it  does 
not  occur  below  4,000  feet.  It  usually  forms  pure  forest,  but 
is  found  mixed  with  the  black  spruce,  and  to  a  less  extent  with 
beech  and  the  birches. 

It  bears  seed  at  rather  long  intervals,  but  seedlings  are  com- 
mon under  the  shade  of  the  old  trees.  The  growth  in  youth  is 
rapid. 

The  leaves  are  somewhat  *  two  ranked,  linear,  flattened  and 
obtuse,  and  remain  on  the  trees  for  several  years.  The  cones  are 
1  to  2  inches  long. 

The  wood  is  very  light,  soft,  not  strong,  coarse-grained  ;  light 
brown  in  color  ;  the  sapwood  nearly  white.  It  is  little  used.  A 
thin,  clear  liquid  called  turpentine  or  balsam,  derived  from  blisters 
on  the  bark,  is  used  for  cuts  and  sores. 

Sabal  palmetto,  Loddiges. 
(palmetto.) 
An  endogenous  tree,  destitute  of  branches,  with  a  small  oval  or 
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globose  head  formed  of  the  large  round  leaves,  and  rough  furrowed 
dark  brown  bark,  reaching  a  height  of  40  and  a  diameter  of  3 
feet.     (Plate  XX.) 

It  occurs  from  Smith  Island  off  Cape  Fear  river,  North  Caro- 
lina, to  Key  Largo,  Florida,  and  along  the  Gulf  coast  to  the 
Appalaehicola* river ;  reaching  its  best  development  on  the  west 
coast  of  Florida,  south  of  Cedar  Keys. 

In  North  Carolina,  it  is  found  on  deep  sandy  or  loamy  soil 
with  the  live  oak,  American  olive,  and  water  oak,  and  attains  a 
height  of  30  feet  and  a  diameter  rarely  exceeding  18  inches.  Its 
rarity  renders  it  af  little  commercial  importance. 

The  leaves  are  large,  fan  shaped,  pal  mated,  and  borne  on  stems 
18  to  24  inches  long.  The  flowers  are  small,  greenish,  and  in 
small  clusters,  and  the  fruit  is  a  small  rounded  drupe. 

The  wood  is  light  and  soft ;  light  brown  in  color  ;  the  fibro- 
vascular  bundles  hard,  dark,  and  difficult  to  work.  It  is  imper- 
viout^  to  the  attacks  of  the  teredo,  very  durable  in  water,  and  is 
largely  used  for  piles  and  wharves.  The  inner  portion  of  the 
young  plant  is  edible,  and  is  often  pickled. 
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THE  FORESTS  OF  NORTH  CAROLINA. 


By  W.  W.  Abhe. 


FOREST  DIVISIONS. 

North  Carolina  can  be  divided  topographically  into  three  well- 
marked  divisions  : 

1.  The  coastal  plain  region,  or  coastal  division  lying  to  the 
eastward  and  extending  inland  from  the  coast  for  a  distance  of  one 
hundred  to  one  hundred  and  fifty  miles,  has  an  aggregate  area 
approximating  24,000  square  miles.  Its  surface  is  that  of  a  gently 
undulating  plain  of  slight  elevation  (ten  to  fifty  feet  above  sea 
level)  and  more  nearly  level  surface  eastward,  and  becoming  more 
elevated  (three  hundred  to  five  hundred  feet)  and  rolling  along  its 
western  border.  The  upland  soils  are  sandy  loams  and  loams, 
rarely  stifl",  moderately  fine  and  even-grained.  To  the  north 
of  the  Neuse  river  loams  and  loose  loams  are  the  more  frequent 
upland  soils ;  to  the  south  of  this  river  they  are  more  sandy.  In 
the  more  eastern  portion  of  this  region,  in  the  vicinity  of  the  coast, 
are  numerous  and  extensive  swamps,  due  either  to  insufticient 
surface  drainage,  or  the  presence  beneath  the  surface  soil  of 
impermeable  strata.  Their  soils  are  silty  and  clayey,  and  com- 
pact; or  sandy  and  loamy,  and  loose;  over  limited  areas  they 
are  peaty ;  where  they  border  the  larger  streams,  that  have  their 
head-waters  beyond  the  coastal  plain  region,  they  are  silty  with  a 
!*inall  admixture  of  vegetable  matter. 

In  this  region  the  normal  annual  temperature  is  about  61®F. ; 
and  the  normal  annual  rainfall  about  fifty  five  inches. 

2-  The  Piedmont  plateau  region,  extending  westward  from  the 
coastal  plain,  lies  parallel  to  the  Atlantic  shore,  and  to  the  Blue 
Ridge,  the  eastern  base  of  which  marks  the  region's  western  bor- 
der. It  is  an  extended  peneplain,  one  hundred  and  fifty  to  two 
hundred  miles  in  width,  and  has  an  area  of  about  22,000  square 
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miles.  In  the  east  its  surface  is  rolling,  but  adjacent  to  the  larger 
streams,  and  toward  the  western  limit,  it  becomes  more  hilly  and 
rugged,  and  in  places  even  mountainous,  being  penetrated  by 
spurs  from  the  Blue  Ridge.  It  has  an  average  altitude  above  sea- 
level  of  850  to  900  feet,  but  rises  at  the  highest  peaks  to  a  little 
over  3,000  feet ;  along  its  extreme  eastern  border  it  is  not  over  400 
to  500  feet.  On  the  uplands  the  soils  may  be  described  in  gen- 
eral terms  as  loams,  sandy  in  some  places  and  clayey  in  others, 
formed  by  the  decay  of  slates,  gneisses,  granites,  and  other  crys- 
talline rocks.  Along  the  numerous  streams  the  soil  is  usually 
a  fluvial  deposit  :  a  rich  dark-colored  loam,  containing  a  vary- 
ing proportion  of  vegetable  matter. 

The  Piedmont  plateau  region  has  an  average  temperature  of 
about  58.5°  or  59°  P\,  and  an  annual  rainfall  of  about  fifty 
inches. 

3.  The  mountain  region  embraces  an  irregular  and  mountain- 
ous table-land,  which  lies  between  the  escarpment  of  the  Blue 
Ridge  on  the  east  and  the  Great  Smoky  mountains  on  the  west. 
Numerous  cross-chains,  separated  by  narrow  valleys  or  broader 
river  basins,  connect  these  two  mountain  ranges.  The  region  has 
an  average  altitude  above  sea  level  of  about  3,500  feet ,  but  rises 
(at  Mt.  Mitchell)  to  6,711  feet.  It  has  an  area  of  nearly  0,000 
square  miles.  Although  the  mountain  slopes  are  often  steep,  the 
soil  is  usually  fertile,  being  a  loam  of  varying  physical  character 
but  generally  rich  in  humus,  open  or  porous  and  easily  cultivated. 

The  average  temperature  for  the  region  probably  approximates 
50°  F.,  varying  from  57.8°  F.,  at  Hot  Springs,  to  an  estimated  tem- 
perature for  the  summit  of  Mt.  Mitchell  of  less  than  38°  F.  ;*  the 
normal  annual  precipitation  is  about  57  inches. 

The  rainfall  throughout  the  State  is  about  evenly  distributed 
through  the  seasons  ;  more  falls,  however,  in  July  and  August, 
and  less  in  October  and  November,  than  at  other  seasons. 

There  are  few  late  spring  frosts;  and  only  occasionally  are 
there  early  autumn  frosts  before  the  wood  has  ripened  at  the  end 
of  the  growing  season. 

♦rUmatolo«y  of  North  Carolina,  N.  C.  Ajcr.  Exp.  8ta.  Kept.,  Raleigh.  1882:  p.  Ifift. 
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Coinciding  in  general  with  the  three  topographic  divisions 
<lescribed  above  are  three  well-marked  forest  divisions.  That 
Ijing  to  the  eastward  will  be  called  the  coastal  plain  forest 
region.  It  includes  the  northern  part  of  the  great  southern  mari- 
time pine  belt  which,  more  or  less  interrupted,  but  retaining  its 
characteristic  arborescent  growth,  extends  from  eastern  Virginia 
to  eastern  Texas.  It  corresponds  to  the  Lonisianian  zone  of  the 
biologists. 

The  second  forest  division  will  be  considered  as  the  Piedmont 
faresi  region.  The  forests  of  this  region  are  typical  of  the  hill- 
country  of  the  South  Atlantic  and  Gulf  states,  and  corresponds 
to  the  Carolinian  zone  of  the  biologists. 

The  most  western  division  will  be  considered  as  the  mountain 
forent  region.  It  forms  almost  the  southern  portion  of  the  Appa- 
lachian forests  which  extend  from  northern  Alabama  to  Pennsyl- 
vania and  New  York,  and  is  the  Appalachian  life  zone  of  the 
biologists.  On  the  higi.er  mountains,  but  on  no  peaks  under 
5,000  feet  elevation,  occur  isolated  groups  of  forests,  which  are 
referred  by  the  biologist  to  a  more  northern  zone,  the  Canadian  ; 
but  these  forests  are  not  important  enough,  or  sufficiently  exten- 
sive in  this  State,  to  require  more  than  a  slight  description. 

FORESTS  OF  THE  COASTAL   PLAIN  REGION. 

Tlie  forests  of  the  coastal  plain  region  are  characterized  by  a 
dominant  growth  of  pines*  on  the  uplands,  except  over  limited 
areas  where  broad-leaf  evergreen  trees  are  dominant  ;  and  conifers 
of  several  species,  associated  with  broad-leaf  trees,  many  of  them 
evergreen,  on  the  lowlands. 

The  variations  in  the  character  of  the  forests  of  the  coastal 
plain  region  are  the  result  of  the  influences  of  three  factors  : 
<\)  The  maritime  conditions,  due  to  the  proximity  to  the  ocean 
and  sounds,  which  perceptibly  affect  the  composition  of  the  forest 
only  in  the  immediate  vicinity  of  the  coast;  (2)  elevation  above 
the  sea  level,  which  is  so  slight  as  to  cause  evident  effects  only 
along  the  western  limits  of  the  region  ;  (3)  differences  in  the  soils, 
to  which  is  largely  due  the  distribution   within  the  region  of  the 

*Pines  oeearrlng  over  the  larger  portion  of  this  region  all  have  3  leaves  to  the  sheath. 
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economic  forests.  The  influence  of  the  two  iirst  factors  is  through 
the  temperature  and  relative  humidity  of  the  locality  affecting 
the  length  of  the  growing  season,  the  average  annual  temperature, 
and  the  amount  of  heat,  or  the  extremes  of  heat  or  cold. 

The  conjoined  effects  of  these  factors  separate  the  forests  of  the 
coastal  plain  region  into  three  parallel  zones  or  belts  :  (1)  The 
maritime  forests,  lying  to  the  eastward  along  the  coast,  and  under 
the  influence  of  the  sea ;  (2)  the  forests  of  the  pine  belt ;  (3)  the 
transitional  forests  lying  along  the  western  border  of  the  region. 

MARITIME  FORESTS. 

The  maritime  forests,  extending  northeast  and  southwest  along 
the  entire  coast-line,  rise  from  high- water  mark,  cover  the  narrow 
islands,  the  so-called  banks  skirting  the  coast,  and  on  the  main- 
land extend  inland  for  a  short  distance,  fringing  the  margins  of 
the  numerous  streams,  bays,  and  inlets  about  as  far  as  tidal  effects 
occur.  This  area  is  only  a  few  hundred  square  miles  in  extent, 
having  a  length  of  about  two  hundred  and  fifty  miles  and  a 
breadth  in  this  State  rarely  exceeding  four  or  five. 

THE    SOILS    OF    THE    MARITIME    DIVISION. 

The  upland  soils  of  the  maritime  forest  belt  are  of  sand  or  ex- 
ceedingly livose  sandy  loams,  in  a  few  places  calcareous  or  limy  : 
being  sea  beaches,  or  the  remnants  of  former  beaches  lying  within 
the  existing  one,  and  bordering  the  sounds  and  the  narrow  inlets. 
There  is  scarcely  a  differentiation  into  soil  and  subsoil,  except 
occasionally  in  the  larger  proportion  of  organic  matter  contained 
in  the  superficial  layers.  Both  upper  and  lower  layers  are 
identical  in  consistency,  formed  of  large-sized  and  even-grained 
sand,  with  a  small  proportion  of  lime,  in  the  form  of  calcium 
carbonate,  from  the  weathering  and  disintegration  of  marine 
shells.  The  land  surface  rises  usually  only  a  few"  feet  above  high 
tide,  though  in  a  few  places  there  are  altitudes  of  40  feet  or  more. 
Where  the  soils  are  fine-grained  they  are  continually  moist  from 
water  suspended  by  capillarity  ;  where  coarser  and  porous,  they 
are  soon,  dry,  superficially,  even  soon  after  rains.     The  surface  i^ 
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l-olling,  and  in  a  tew  places  tliere  are  hills  with  broad  rounded 
crowns,  where  the  force  of  wind  and  snrf  has  lifted  the  loose  t^and 
high  above  the  general  level. 

CONDITION    OF   THE    FORESTS. 

The  forests  of  this  maritime  area  are  composed  chiefly  of 
broad-leaf  evergreen  trees:  water  oak,  laurel  oak,  live  oak, 
devilwood,  mock-orange,  smooth  sweet  bay,  palmetto,  yaupon  and 
myrtle,  with  a  single  resinous  species,  the  red  cedar;  while  broad- 
leaf  deciduous  trees  are  represented  chiefly  by  the  southern  lin, 
prickly  ash,*  buckthorns,  planer-tree  and  water  hickory,  but  these 
are  not  abundant,  and  are  nearly  confined  to  the  alluvial  soils  or 
those  richest  in  organic  matter.  The  laurel  oak  and  live  oak  are 
the  most  characteristic  trees,  being  common  throughout,  and  not 
being  found  in  this  State  farther  inland;  although  to  the  southward, 
following  the  isothermal,  they  occur  far  from  the  coast.  Other 
trees  whicli  in  this  State  are  limited  in  their  distribution  to  the 
maritime  forests,  are  the  devilwood,  mock-orange,  smooth  sweet- 
bay,  palmetto,  planer-tree  and  n>agnolia.  The  water  hickory, 
found  on  the  banks  of  the  larger  streams,  extends  a  few  miles 
farther  inland  than  most  of  these  tree^j,  and  the  same  may  possibly 
be  true  of  the  planer-tree  ;  while  the  water  oak,  red  cedar  and 
one  species  of  buckthorn  extend  to  within  the  Piedmont  plateau 
region. 

The  growth  of  the  original  forest  where  it  is  yet  preserved  is 
from  40  to  60  feet  in  height,  the  trees  sliort-boled,  the  crowns 
large  and  spreading,  interlaced  into  a  dense  canopy.  Water  oak, 
laurel  oak,  live  oak,  red  cedar,  smooth  sweet  bay,  holly,  and  mock- 
orange,  in  relative  abundance  about  in  the  order  named,  consti- 
tute from  one-half  to  over  three-fourths  of  the  growth.  Where 
culling  has  been  carried  on  occasional  loblolly  pines  have  gained 
a  foothold,  or  abundant-seeding  species  like  yaupon,  red  cedar  and 
the  lanrel  oak  have  greatly  multiplied. 

Beginning  at  the  Virginia  line  and  passing  to  the  south,  there 
is  a  constant  increase  in  the  number  of  species  present,  so  that 
awhile  only  a  few  species  are  represented  beyond  the  Albemarle 
sound  the  number  reaches  a  maximum  in  this  State  at  and  around 

•See  p.  19. 
10 
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the  mouth  of  the  Cape  Fear  river,  where  at  least  two  species  find 
their  northern  limits.  This  enables  the  maritime  forests  to  be 
roughly  separated  into  two  divisions:  one  lying  to  the  north  of 
Cape  Hatteras,  which  point  may  be  considered  to  mark  the  divis- 
ion between  the  two  ;  and  the  other  to  the  south  of  this  cape.  In 
the  northern  division,  water  oak  and  live  oak,  and  red  cedar  form 
nearly  the  entire  arborescent  growth  ;  while  in  the  southern,  with 
these  occur  the  laurel  oak,  mock-orange,  and,  but  irregularly  dis- 
tributed, the  palmetto,  devilwood,  and  magnolia.  The  palmetto 
is  confined  to  Cape  Hatteras  and  Smith's  Island,  the  magnolia  to 
the  coast  region  of  Brunswick  county. 

Where  the  soils  are  more  moist,  the  growth  is  largely  of  water 
oak  and  laurel  oak,  holly,  smooth  sweet  bay,  and  mock-orange, 
with  occasional  lins,  or  other  kinds  of  oaks  in  addition  to  those 
named  above,  which  form  a  dense  upper  story  ;  beneath  them  are 
small  shade-bearing  trees  or  shrubs.  The  forest  floor  is  good 
and  the  humus  deep.  Where  the  soils  are  drier,  either  from 
greater  coarseness  of  the  san3  or  from  being  more  elevated  above 
sea  level,  red  cedar,  live  oak  and  prickly  ash,  enter  more  largely 
into  the  composition  of  the  forest,  the  trees  being  smaller  in  size 
and  with  shorter  boles.  On  the  driest  soils,  the  growth  is 
restricted  to  scattered  groves  of  red  cedar,  half  shrubby  forms  of 
the  live  oak,  thickets  of  plum  and  yaupon,  and  other  shrubs  which 
rapidly  propagate  by  means  of  root-shoots  and  suckers. 

Probably  not  over  one-half  of  the  area  is  wooded  ;  the  remaining 
portion  is  naked,  only  a  small  part  of  it  being  under  cultivation. 
In  places  along  the  coastal  islands,  and  this  is  particularly  true  to 
the  north  of  Cape  Hatteras,  there  are  great  stretches  destitute  of 
all  tree  growth,  the  soil  being  a  coarse  beach-sand,  the  surface  of 
which  rises  into  parallel  ridges  which  reach  a  height,  in  places,  of 
70  or  more  feet  above  sea  level ;  and  this  sand,  being  fixed  by  no 
network  of  plant  root-fibers,  and  containing  no  binding  ingredient, 
is  constantly  shifting  under  the  impact  of  the  winds.  Some  such 
areas  were  originally  forest-covered,  but  once  cleared,  and  the 
humus,  which  was  slightly  cohesive,  destroyed,  the  constant  move- 
ment of  the  sand  before  the  winds,  w^hich  have  piled  it  into  shift- 
ing dunes,  has  prevented  a  general  growth  of  any  kind  from  secur- 
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in<:^  a  foothold.  Fishermen's  houses  have  been  destroyed  bj  these 
moving  dunes  and  their  sites  obliterated,  and  others  are  menaced 
bv  them.  Considerable  areas  of  forest  have  been  destroj^ed  by  the 
roots  of  trees  being  deeply  covered  with  sand  or  the  entire  forest 
bnried,  thus  increasing  the  extent  of  the  shifting  dunes.  Occa- 
sional clumps  of  prickly  ash  and  devilwood,  which  put  forth  adven- 
titious roots  from  the  young  twigs  as  they  are  partly  covered  by  the 
sand,  or  thickets  of  shrubby  live  oak,  plum,  and  shrubs  which 
8ncker  freely,  maintain  themselves  in  some  places  for  many  years. 
All  oaks,  except  the  youngest,  are  killed  by  such  moving  dunes. 
Red  cedar,  holly,  palmetto,  mock-orange  and  myrtle,  not  rooting 
from  the  young  wood,  are  quickly  destroyed  by  the  covering  of 
sand. 

A  maritime  dune,  over  two  miles  in  length  and  twenty  feet  in 
height,  is  now  moving  across  Smith's  Island,  which  lies  at  the 
mouth  of  the  Cape  Fear  river.  Starting  in  the  southwest  part  of 
the  island,  and  moving  to  the  northward,  it  hasalreadj^  destroyed 
the  forest  along  the  southern  edge  of  the  island. 

Commercially  these  forest:^  are  unimportant  except  where  they 
produce,  on  some  of  the  islands,  a  limited  number  of  red  cedar 
posts.      Their  protection  is  worthy  of  consideration,  however,  ap 

I        they  act   a:^  a  safeguard  in    preventing   the   formation    of   inlets 

j        which  would  impair  existing  water-ways. 

'  THE  FORESTS  OF  THE  PINE  BELT. 

I  These  forests  extend  from  within  a  few  miles  of  the  sea  coast 

inland  to  near  the  western  limits  of  the  coastal  plain  region,  and 
embrace  the  greater  portion  of  the  economic  forests  of  the  region 
as  well  as  cover  the  greater  part  of  its  area. 

FOREST  TREES. 

The  pines  growing  in  this  pine  belt  are  the  long-leaf,  the  lob- 
lolly, the  pond  and  in  some  places  the  'short-leaf  They  are  for 
the  most  part  confined  to  the  uplands,  and  form  the  dominant 
growth  with  broad-leaf  trees  beneath  them,  or  occur  as  a  pure 
growth.  Other  coniferous  or  resinous  trees  found  are  the  cypress, 
white  cedar,  and  red  cedar,  all  of  which  in  the  original  forests  are 
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confined  to  the  lowlands.  The  broad-leaf  trees  are  chiefly  water 
oak,  willow  oak,  Spanish  oak,  swamp  chestnut  oak,  overcup  and 
post  oaks,  and  such  smaller  species  of  oak  as  upland  willow  oak 
and  the  black-jack  oak,  which,  though  very  abundant,  are  at 
present  economically  of  little  value;  sweet  gum,  water  gum  and 
tupelo,  elms,  red  maple,  hackberry,  hickories  (chiefly  the  white, 
8hagbark,and  bitternut),  and  dogwood. 

The  larger  broad-leaf  trees,  with  the  cypress  and  cedars,  are  con- 
fined to  the  lowlands  and  better  class  of  soils,  pines  superseding 
them  on  the  drier  or  impoverished  soil  of  the  uplands. 

DISTINCTIVE  GROWTH. 

The  difl*erence  between  the^e  forests  and  those  of  the  maritime 
division  are  marked  :  The  latter  are  composed  mostly  of  broad- 
leaf  evergreen  species  ;  the  former  are  composed  largely  of  pines 
and  broad-leaf  deciduous  trees.  A  few  trees  are  common  to  both 
forests.  Thus  the  water  oak  is  a  conspicuous  tree  in  both  ;  but 
the  red  cedar  is  infrequent  or  altogether  wanting  over  the  larger 
part  of  the  area  of  the  pine  belt.  The  smooth  sweet  bay  of  the 
maritime  belt  is  represented  in  the  pine  belt  by  the  closely 
related  sweet  bay.     (See  p.  26.) 

PHYSICAL  CHARACTERISTICS  OF  THE  PINE  BELT. 

The  surface  of  this  part  of  the  coastal  plain  region  is  gently 
rolling,  there  being,  particularly  to  the  eastward,  areas  of  large 
extent  almost  level,  but  along  the  western  border,  especially  in 
Harnett,  Moore  and  Richmond  counties,  it  is  hilly  and  broken. 
The  area  is  nearly  as  great  as  that  of  the  coastal  plain  forest 
region,  and  the  altitude  above  the  sea  level  is  about  the  same  as 
was  given  for  that,  being  from  10  or  15  feet  along  the  eastern  bor- 
der to  150,  and  even  300  feet,  in  Moore  county,  along  the  west- 
ern border. 

To  the  eastward,  in  the  neighborhood  of  the  coast,  where  the 
drainage  is  insuflicient  to  remove  the  rainfall,  there  are  extensive 
areas  of  lowlands  or  swamp,  mostly  forest-covered  ;  while  west- 
ward, where  the  fall  permits  more  thorough  drainage,  the  swamps 
are  restricted  to  narrow  borders  contiguous  to  the  streams.     The 
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entire  swamp-area  of  the  region    aggregates  nearly  4,600  sqnare 
miles. 

THE  CHANGES  IN  THE  KINO  OF  FOREST  GROWTH. 

The  changes  in  the  condition  of  the  forest  growth  are  due 
almo^  entirely  to  variations  in  the  character  of  the  soils  :  porosity, 
fertility,  the  amount  of  moisture  contained  in  them,  and  to  the 
distribution  of  the  soil-moisture  during  the  growing  season.  The 
extremes  of  moisture  encountered  are  from  wet,  or  even  inundated 
soils  throughout  the  growing-season,  to  dry  soils  for  the  greater 
part  of  the  year,  except  immediately  after  a  rain.  In  fertility  the 
range  is  between  compact  and  fine-grained  ''mud'*  alluvium, 
containing  in  abundance  all  the  elements  of  plant-food,  to  almost 
pure  sand  ;  in  porosity,  from  coarse-grained  sand  of  great  depth, 
to  compact  shallow  top-soils  with  impermeable  substrata.  Some 
soils  are  almost  destitute  of  humus,  while  others  are  constituted 
largely  of  decaying  or  decayed  vegetable  matter.  Such  extremes 
of  soils  are  often  in  juxtaposition,  there  being  no  easy  gradation 
from  one  to  the  other,  so  that  the  contrast  and  line  of  demarcation 
between  the  two,  and  the  respective  arborescent  growth  which 
they  support,  is  sharply  and  distinctly  defined. 

The  forests  of  the  pine  belt  are  separable  into  two  groups  :  those 
of  the  uplands,  on  which  the  long  leaf  and  loblolly  pines  are  the 
dominant  trees  ;  and  those  of  the  lowlands  on  which  white  cedar, 
cypress,  or  broad-leaf  trees  are  the  most  abundant. 

THE  FORESTS  OP  THE  PINE  BELT  UPLANDS. 

Forests  of  pine  covered,  at  least  in  their  original  distribution,  all 
of  the  uplands,  there  being  only  a  few  local  areas  on  which  broad- 
leaf  trees  were  not  subordinate  to  them.  To  the  north  of  the  Tar 
river,  except  on  the  porous  and  highly  silicions  soils  where  pure 
and  uninterrupted  forests  of  long-leaf  pine  occurred,  the  original 
forests  were  composed  of  alternating  belts  of  short- leaf  and 
loblolly  pines;  the  short-leaf  pine,  with  a  subordinate  growth  of 
broad-leaf  trees*,  largely  oaks,  dominating  along  the  crests  and  on 
the  drier  and  more  gravelly  soils,  as  occasional  trees  of  this  species 
still  standing  now  testify;    while  on   the  lower,  moister,  loamy 
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BOils  grew  the  loblolly  pine,  forming  a  ruling  pure  growth  or 
coordinate  with  broad-leaf  trees.  To  the  north  of  the  Roanoke 
river  the  long-leaf  pine  probably  formed  only  two  extensive 
forests:  one  on  the  sandy  area  extending  north  and  south  through 
Gates  county,  the  other  on  *'  long  ridge,"  an  elevated  body  of  sand 
lying  to  the  south  of  tlie  Dismal  Swamp.  To  the  south  #f  the 
Roanoke  river,  the  areas  of  sandy  soils  with  the  accompanying 
growth  of  long-leaf  pine  were  more  frequent,  extensive  bodies 
occurring  in  Halifax,  Bertie,  and  Edgecombe  counties;  while  in 
Wayne  and  Nash  counties,  to  the  north  of  the  Neuse  river,  began 
the  forests  of  this  tree,  which  extended  with  their  continuity 
scarcely  b  oken  exce|>t  by  the  water  courses,  west  to  the  oak 
uplands  of  the  Piedmont  plateau  and  southw^estward  to  the  Gulf 
of  Mexico.  Within  this  area,  only  adjacent  to  the  swamps  were 
there  at  the  first  settlement  of  this  country  more  than  scattered 
trees  of  the  loblolly  pine. 

The  influence  of  man  in  changing  and  modifying  the  distribu- 
tion of  these  trees  in  the  two  hundred  years  that  have  followed 
has  been  enormous. 

To  the  north  of  the  Neuse  river  the  long-ltaf  pine  has  nearly 
disappeared.  Occasional  solitary  trees  are  still  to  be  found  among 
other  kinds  of  pines,  or  broad  leaf  trees,  and  on  the  sand  hills  of 
Wayne  county,  and  in  the  flats  of  the  great  Dover  swamp,  groups 
of  a  few  trees  yet  occur;  but  their  commercial  value  as  forest 
trees  in  this  section  has  passed  away.  The  short-leaf  pino  has  as 
thoroughly  disappeared  from  the  counties  lying  to  the  north  of 
the  Tar  river  as  has  the  long-leaf;  the  lublolly  pine  with  an 
accompanying  growth  of  small  broad-leaf  trees  has  succeeded  both. 

At  the  present  time  the  forest  of  the  uplands  are  separable  into 
two  divisions  with  distinct  arborescent  growth  : 

(1.)  That  in  which  the  long-leaf  pine  is  the  dominant  economic 
tree:  the  long-leaf  pine  woodland. 

(2.)  That  in  which  the  loblolly  pine  is  the  dominant  economic 
tree:  the  level  pine  woodland. 

In  the  present  aspect  of  the  forest  there  is  no  sharp  line  of 
demarcation  between  the  two,  but  a  difll'erentiation  is  made  for 
simplifying  their  consideration,  as  there  are  large  areas,  particu- 
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larilj  to  the  south  of  the  Neuse  river,  on  which  the  two  trees 
occur  side  by  side  forming  about  equal  proportions  of  the  woods, 
but  in  such  places  the  lobloUj  pine  is  in  process  of  supplanting 
the  long  leaf  pine,  and  such  woodland  will  be  considered  from  a 
sylvicultural  point  of  view,  as  being  more  suitable  for  thagrowth 
and  development  of  the  loblolly  than  the  long-leaf  pine.  The 
coiDinercial  timbers  of  each  kind  now  on  these  lands  will,  how- 
ever, be  considered. 

LONG-LKA>^    PINE    WOODLAND. 

The  area  on  which  the  long-leaf  pine  is  the  dominant  tree,  or 
where  it  yet  exists  side  by  side  with  the  loblolly  pine,  extends 
from  near  Bogue  sound  in  Carteret  <;ounty,  southward  along  the 
great  sand  bank  lying  between  the  sounds  and  the  swamps;  from 
the  b<)rders  of  the  Dover  swamp  northward  to  Enfield  in  Halifax 
county,  and  Nashville  (within  the  transitional  division)  westward 
to  Cary  (in  Wake  county),  Sanford  (in  Moore  county),  and  the  east- 
ern edge  of  Montgomery  county,  and  the  southeastern  corner  of 
Anson  county.  To  the  northeastward  of  this  area,  wherever  the 
soil  was  suitable,  the  long-leaf  pine  has  been  replaced  by  the  lob- 
lolly ;  but  on  limited  areas  of  sandy  soils,  occasional  specimens  of 
tlie  former  species  yet  stand,  unsurrounded  by  other  large  forest 
trees,  but  showing  that  its  fellows  once  tenpnted  the  entire  soil. 
Such  areas  will  be  fully  described  in  considering  the  pine  barrens. 

Along  the  great  sand  hills  just  within  the  sounds,  the  long-leaf 
pine  occurs  in  open  forests  of  small  trees,  now  largely  removed  ; 
further  inland,  on  the  praries  and  hillocks  in  the  swamps  and  the 
wet-soiled  downs  of  the  coast  of  Brunswick  county,  clumps  of 
larger  trees  grow  at  intervals;  on  the  loams  in  the  basins  of  the 
Black  and  Northeast  Cape  Fear  rivers,  and' on  similiar  soils  in 
Columbus,  Bladen,  and  Robeson  counties,  the  long  leaf  and  lob- 
lolly pines  are  found  together;  while  northward  to  northern 
Wayne,  and  westward  to  Wake  and  Anson  counties,  it  forms, 
where  nnlumbered  or  not  destroyed,  a  nearly  pure  growth  of 
medium  sized  trees. 

Leaving  out  of  consideration  the  few  trees  disseminated  through 
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the  swamps  on  hillocks,  the  long-leaf  pine  occurs  on  two  classes  of 
soils : 

(1.)  The  sands  of  the  pine  barrens,  which  include  the  drier 
forest  lands  between  the  sounds  and  the  great  swamps,  and  the 
greater'areas  of  dry  sandy  soils  lying  in  the  western  parts  of  the 
coastal  plain. 

(2.)  The  loams  of  level  pine  woodland  which  are  at  present  in 
most  places  the  debatable  ground  between  the  long-leaf  and  lob- 
lolly pines,  and  are,  in  certain  sections,  largely  occupied  by  the 
latter  species.  Such  areas  on  which  the  loblolly  pine  is  now  dom- 
inant will  be  described  in  considering  that  tree. 

In  the  forests  on  both  kinds  of  soil  dissimilar  changes  in  their 
composition  are  in  progress,  the  result  of  nearly  the  same  factors 

THE    PINE    BARRENS. 

The  largest  detached  areas  of  pine  barrens  are  the  long  ridge, 
lying  to  the  south  of  the  Dismal  Swamp,  the  areas  in  Gates  and 
Green  counties,  the  one  to  the  north  of  the  Neuse  river  in  Craven 
county,  narrow  strips  lying  north  and  south  in  Pender  and  Dup- 
lin counties,  a  great  part  of  New  Hanover  county,  considerable 
areas  in  the  southern  part  of  Bladen,  the  middle  and  southern 
parts  of  Wayne  and  Columbus,  and  a  narrow  belt  lying  between 
the  vast  coastal  swamps  and  the  coast  in  the  counties  of  Bruns- 
wick, Onslow,  and  Carteret ;  while  a  single  large  body  extends  from 
the  northern  part  of  Sampson,  the  southern  and  central  parts  of 
Harnett,  northern  and  eastern  portions  of  Bladen,  and  northern 
Kobeson  counties  throughout  Cumberland  to  the  western  sections 
of  Moore  and  Richmond  counties. 

SOILS  OF  THE  PINE  BARRENS. 

The  soils  are  of  almost  pure  sand,  containing  very  little  clayey 
ingredients;  loose,  coarse-grained,  dry  on  the  surface,  even  soon 
after  a  rain,  fresh  below,  but  becoming  dry  to  a  considerable 
depth,  and  usually  with  no  differentiable  subsoil.  But  in  the 
smaller  areas  there  is  a  top-soil  of  sand,  often  shallow,  especially 
around  the  edges  where  stiffer  loams  form  a  more  fertile  subsoil. 
Geologically  they  are  of  recent  date. 


FORESTS    OF    THE    PINE    BARRENS.  153 

The  distinctive  arborescent  growth  of  these  lands  is  the  lon^- 
leaf  pine  and  several  small  scrub  oaks;  the  fork-leaf  black-jack 
oak,  barren  willow  oak,  and  forms  of  the  post  oak. 

CONDITION  OF  THE  FORESTS  OF  THE  PINE  BARRENS. 

Generally  the  pine  forests  of  the  barrens  resemble  a  two-storied 
high  forest,  there  being  an  upper  storjof  this  pine,  about  70  or  80 
feet  in  height,  with  a  rather  thin  cover,  even  where  uninjured  by 
fires  or  unlumbered  ;  beneath  the  pine  an  open  growth  of  the 
scrub  oaks  from  10  to  15  feet  in  height,  or  in  places  nearly  clear. 
As  the  cover  of  the  pines  becomes  thinner,  the  scrub  oaks  beneath 
them  become  more  numerous.  The  floor  is  poor,  and  there  is  but 
little  humus;  it  is  grassy  with  coarse  tufts  of  the  wire  grass  or 
broom  grasses  or  covered  with  shrubs.  There  is  no  young  growth 
of  the  long-leaf  pine  or  any  valuable  tree. 

Practically  all  of  the  pine  has  been  tapped  for  its  resin,  crude 
turpentine,  the  amount  of  round-timber  standing,  which  has  not 
had  the  trunk  excorticated  in  the  process  of  turpentining,  b^ing 
less  than  50,000  acres.  Not  only  has  the  greater  portion  of  the 
timber  been  so  boxed  for  turpentine,  but,  after  the  original  faces 
have  been  scarified  as  high  as  possible,  and  the  trees  allowed  to 
rest  a  few  years,  additional  boxes  have  been  cut  between  the 
former  ones.  Many  trees,  thus  weakened  b}'  the  deeply  cut  boxes 
at  the  collar  of  the  trunk,  windfall,  and  the  loss  of  timber  from 
this  cause  has  been  enormous.  The  resin-covered  surfaces  wh'Te 
tapped  for  turpentine  are  highly  inflamable,  and  fires  passing  over 
the  dry  herbage  spread  to  the  trees  and  frequently  destroy  them. 

This  description  represents  the  forests  where  they  are  in  the 
best  condition,  but  it  is  now  realized  in  only  a  few  places  in 
North  Carolina. 

The  greater  portion  of  the  forests  have  been  culled  for  many 
years,  so  that  there  are  extensive  areas  thinly  stocked,  a  few  pines 
to  each  acre  standing  in  thickets  of  scrub  oaks;  or  there  are  large 
areas  of  abandoned  turpentine  orchard,  aggregating  probably 
700,000  acres,  but  yet  containing  a  small  amount  of  timber  suita- 
ble for  saw  logs.  There  are  extensive  areas  lying  within  these 
forests  from  which  the  timber  has  been  so  thoroughly  removed  by 
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fires,  lun)bering,  and  a  reckless  system  of  turpentining  that  the 
lands  may  he  classed  as  waste,  there  being  on  them  neitlier  mer- 
chantable trees  nor  youn^  growth  of  any  species  which  will,  in  the 
course  of  time,  yield  timber.  Nearly  all  of  the  waste  land  in  the 
eastern  counties  lies  in  the  pine  barrens,  the  larger  areas  being 
in  Wayne,  Sampson,  Bladen,  Brunswick,  Harnett,  Cumberland^ 
Moore,  and  Richmond  counties.  The  entire  area  of  waste  land  i& 
about  400,000  acres. 

The  waste  lands  are  due  to  the  failure  of  the  long-leaf  pine  to 
reproduce  itself  to  any  considerable  extent  in  these  vast  areas. 
Their  present  condition  has  been  gradually  matured,  and  the 
causes  which  have  produced  it  may  now  be  seen  in  operation  in 
nearly  any  unprotected  wood  of  long-leaf  pine,  where  there  is  no 
young  growth  of  this  tree.  The  scanty  reproduction  is  due 
largely  to  the  fires  which  in  many  places  pass  over  the  land  every 
year  consuming  the  dead  herbage,  the  wire  grass  and  the  leaves  of 
the  scrub  oaks,  and  destroying  the  slow  growing  young  pines, 
which  by  the  end  of  the  fifth  year  have  only  reached  a  height  of 
3  to  5  inches  above  the  ground;  the  infrequent  seeding  of  the 
old  trees;  the  enormous  destruction  of  the  seed  by  liogs  and  fowls 
when  there  is  a  seed-year;  the  further  depredations  made  by  hogs 
digging  up  the  plant  to  get  the  root.  It  is  doubtful  if  the  partial 
shade  of  the  scrub  oaks  is  sufficient  to  interfere  seriously  with  the 
development  of  the  young  plant,  as  great  as  are  its  requirements 
for  sunlight  and   warmth. 

The  failure  of  the  forests  of  long-leaf  pine  to  reproduce  them- 
selves naturally,  except  to  a.  limited  extent,  on  any  part  of  the 
pine  barrens,  has  already  been  treated  of  in  a  previous  report  of 
the  Geological  Survey.  It  is  a  matter  of  importance,  as  the  land 
in  its  present  state  represents  a  great  amount  of  capital  lying  idle 
which  might  be  made  productive  to  the  owner,  and  give  employ- 
ment to  labor  engaged  in  handling  or  manufacturing  forest 
products.  It  is  absolutely  essential  that  the  demands  necessary 
for  its  growth  be  accorded  it — immunity  from  destruction  by  fires, 
protection  against  the  depredations  of  stock,  particularly  hogs, 
both  to  the  se(3d  and  the  young  plant,  and  protection  against  the 
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encroacliinent  of  more  rapid-growing  pines  or  broad-leaf  trees,  on 
eoils  where  such  will  grow. 

POSSIBILITIES  OF  THE  PINE  BARRENS. 

The  pine  barrens,  on  account  of  their  impoverished  soils, 
are  incapable  of  sustaining  a  wood  of  a  large-sized  broad-leaf 
species.  The  loblolly  pine  seems  incapable  of  naturally  securing 
a  foothold  in  these  sands,  as  nowhere  in  the  forest  does  it  follow 
the  long-leaf  pine  as  that  tree  is  removed  ;  and  on  the  limited 
areas  of  old  fields  where  it  has  appeared  spontaneously,  it  seems 
nnable  ^to  attain  a  large  size  or  perfect  development,  the  boles 
being  short  and  crowded  with  limbs,  the  crowns  large  and  spread- 
ing, the  wood  in  the  standing  tree,  even  the  sapwood,  often  evinc- 
ing at  an  early  age  signs  of  decay.  These  are,  in  fact  par  excel- 
lence the  long-leaf  pine  lands.  No  other  tree  for  timber  use  is 
capable  of  attaining  even  a  moderate  development  on  this  soil. 
The  least  exacting  of  the  larg*-r  forest  trees  of  the  State,  both  in 
regard  to  soil-moisture  and  fertility,  it  is  able  to  secure  by  means 
of  its  deep-seated  taproot,  which  often  penetrates  the  layers  of 
sand  to  a  depth  of  ten  or  twelve  feet,  the  mineral  elements 
necessary  for  its  development,  and  reach  on  the  most  barren  soils  a 
height  of  50  to  70  feet  and  a  diameter  of  14  to  16  inches.  On  the 
pauperized  soils  of  the  barrens  lying  near  the  sounds,  the  pine  is 
unable  to  become  more  than  a  middle-sized  tree  50  to  60  feet  in 
height  with  a  diameter  of  about  16  inches  ;  on  the  deep  and  poor 
sands  of  Wayne,  the  nortiiern  part  of  Bladen,  and  portions  of 
Sampson  counties  the  conditions  of  development  are  similar  to 
or  only  a  little  better  than  those  prevailing  near  the  coast,  and 
continue  so  to  the  westward  through  Cumberland,  Harnett  and 
Richmond  counties,  until  in  Moore  and  Montgomery  counties 
the  loose  sands  become  confluent  with  the  late  drifts  derived  from 
the  sandstones  containing  clayey  particles  and  a  loamy  subsoil, 
where  a  better  growth  can  be  secured.  But  on  many  of  the 
smaller  areas  of  sandy  soils,  where  the  taproot  of  the  tree  is  able 
to  penetrate  the  sand  and  reach  a  stiifer  subsoil,  the  tree  reaches 
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a  larger  size,  a  height  of  70  to  90  feet  and  a  diameter  of  16  to  20 
jnclies. 

LEVEL    PINE    WOODLAND. 

The  surface  of  these  lands,  (also  see  page  161),  is  very  nearly 
level,  slightly  rolling,  or  sloping  toward  the  streams  ;  the  soils 
loose,  or  moderately  compact  loams,  or  sandy  loams  with  some- 
what firmer  yellow  or  gray,  loamy  or  stiff  loamy  subsoils;  mostly 
fine-grained,  moist  or  fresh  but  well-drained.  As  they  become 
more  moist  and  more  loamy  the  loblolly  pine  occupies  them^  espec- 
ially over  the  large  areas  to  the  north  of  the  Tar  river.     ^ 

The  larger  areas  on  which  the  long-leaf  pine  is  yet  standing 
are  in  Edgecombe,  Johnson  and  Wilson  counties  ;  the  basin  of  the 
Northeast  Cape  Fear  river  from  the  southern  part  of  Wayne 
county  southward  ;  large  areas  in  the  southern  parts  of  Bladen 
and  Robeson  counties  and  smaller  areas  in  Brunswick  and  Colum- 
bus Counties. 

As  has  been  stated,  the  long-leaf  pine  formerly  occupied  the 
greater  portion  of  these  lands  to  the  exclusion  of  almost  every 
•other  tree,  but  as  the  mature  trees  of  this  species  were  removed  or 
died  they  have  been  rapidly  replaced  by  the  loblolly  pine  and,  in 
most  places  to  the  north  of  the  Neuse  river,  and  in  many  places 
to  the  south,  this  substitution  has  been  entirely  effected. 

The  other  trees  which  grow  on  these  loams  with  the  pines  are 
the  post  oak,  the  Spanish  oak  and  the  black  oak,  and  small  hick- 
ories and  dogwood. 

CONDITION  OF  THE  FORESTS  OF  THE  LEVEL  PINE  WOODLANO- 

Where  pasturage  has  not  suppressed  the  broad-leaf  element, 
the  forests  of  long-leaf  pine  on  the  moist  loams  also  resemble  a 
two-storied  high  forest.  The  upper  story  is  a  compact  growth  of 
pine,  lUO  to  125  feet  in  height;  the  the  lower  is  of  broad-leaf 
trees  :  post  oak,  Spanish  oak,  and  black  oak,  small  hickories  and 
dogwood,  reaching  an  average  height  of  not  more  than  40  feet. 
In  few  localities  is  this  condition  now  realized.  The  cover  of 
pine  has  been  broken  by  frequent  windfalls  and  culling  ;  in  ma!\y 
places   browsing  cattle  have  suppressed  the  broad-leaf  trees,  or 


FORESTS    OF    THE    LEVEL    PINE    WOODLAND.  15T 

they  have  been  killed  by  fires.  The  loblolly  pine,  resisting  sue- 
cesffully  the  fires  and  uninjured  by  cattle,  has  colonized  either 
by  solitary  specimens  or  more  frequently  by  groups  of  a  few  trees 
which  have  already  reached  maturity,  or  by  thickets  of  younger 
ones,  wherever  openings  in  the  cover  above  enabled  it  to  secure  a 
foothold.  In  sections  long-settled,  where  the  long-leaf  pine  has 
been  culled,  and  in  long-abandoned  turpentine  orchards  the  lob- 
lolly has  replaced  a  great  part  of  the  long-leaf  pine.  The  mature 
loblolly  pines  nearly  equal  in  height  the  long-leaf  pine  and  form 
a  part  of  the  cover,  beneath  which  groups  of  young  trees  of  the 
former  species  can  be  seen  in  all  stages  of  development  wherever, 
there  is  sufficient  light  to  permit  their  growth.  Nowhere  except 
in  the  limited  districts  protected  from  fire  and  cattle,  is  there  any 
young  growth  of  the  long-leaf  pine.  This  tree,  once  dominant 
over  such  an  extensive  area,  is  surely  failing  to  reproduce  itself, 
and  it  is  fortunate  that  a  tree  as  valuable  as  the  loblolly  pine  is 
supplanting  it  on  these  soils.  The  greater  part  of  the  compact 
loblolly  growth  to  the  south  of  the  Tar  river  has  in  this  manner 
gradually  extended  by  occupying  the  lands  from  which  the 
progeny  of  its  closest  competitor  has  been  thus  excluded  by  the 
influence  of  human  agencies. 

To  the  causes  which  have  checked  the  growth  of  the  long-leaf 
pine  on  the  pine  barrens,  fires,  hogs  and  infrequent  seeding,  there 
must  be  added  another  agency  which  has  aided  in  suppressini^  it 
on  the  level  loamy  soils — the  struggle  with  contesting  species.  As 
the  cover  in  the  long-leaf  pine  growth  has  been  broken,  either  by 
trees  being  removed  in  lumbering  or  windfalls,  seed  from  the  lob- 
lolly pines  in  the  swamps  and  along  the  streams  have  been  blown 
in,  this  pine  seeding  more  regularly  than  the  long-leaf,  and  its 
seedlings  have  taken  possession,  the  young  plant  not  being 
destroyed  by  hogs,  and  by  their  rapid  growth  soon  getting  too 
large  to  be  easily  damaged  by  fires.  Long-leaf  pines,  which  after 
a  time  might  have  succeeded  in  getting  a  start,  have  thus  been 
crowded  out  by  being  overshaded  by  the  more  rapid-growing 
loblolly  pine.  Under  existing  conditions  it  is  impossible  for  the. 
long-leaf  pine  to  ever  again  succeed  naturally  in  forming  a  growth. 
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on  the  lands  which  the  loblolly  pine  has  thus  possessed.  The 
shade  of  the  loblolly  pine  with  that  formed  by  the  accompanying 
undergrowth  of  broad-leaf  trees  is  too  deep  for  the  growth  of  the 
long-leaf  pine  seedling  beneath  them,  even  where  there  are  long- 
leaf  pines  standing  near  that  might  produce  the  necessary  seed. 

SUPPLY    AND    UTILIZATION    OF    LONG-LEAF    PINE. 

The  larger  b(^dies  of  merchantable  long-l-eaf  pine  lie  in  Bladen, 
Robeson,  Cumberland,  Moore,  and  Montgomery  counties,  the 
last  being  within  the  transitional  region.  There  are  smaller 
bodies  in  Sampson,  Brunswick,  Columbus,  and  Harnett  counties. 
Nearly  all  of  this  has  been  tapped  for  turpentine.  The  total 
anjount  standing  is  estimated  to  be  less  than  3,000,000,000  feet, 
board  measure,  distributed  so  as  to  yield  on  pine  lands  an  average 
cut  of  less  than  3,000  feet,  board  measure,  to  the  acre. 

The  greater  part  of  the  long-leaf  pine  timber  is  converted  into 
lumber.  Wilmington,  the  chief  seat  of  the  manufacture  of  long- 
leaf  pine  lumber  in  North  Carolina,  is  now  supplied  by  rafts 
floated  down  the  Northeast  and  Cape  Fear  rivers.  The  manu- 
factured products  go  to  coastwise  ports  and  the  We&t  India 
Islands.  The  total  shipments  of  long-leaf  pine  lumber  from  this 
port  for  1896,  amounted  to  about  20,000,000  feet,  board  measure. 

The  most  active  lumber  operations  in  the  interior  are  at  Aber- 
deen, Troy  Junction,  and  near  Carthage.  These  mills  not  being 
on  large  water-courses  obtain  their  timber  by  means  of  small  rail- 
ways which  penetrate  the  unlumbered  forest,  and  on  which  logs 
are  brought  in  and  delivered  at  the  mills. 

Logs  of  great  length  are  easily  handled,  and  a  large  part  of  the 
timber  gotten  out  is  of  large  dimensions  for  trestleing,  framing,  and 
other  exceptional  uses. 

All  railways  passing  through  the  long-leaf  pine  region  use  ties 
of  this  pine  exclusively  ;  and  besides,  such  ties  are  used  to  a  con- 
siderable extent  on  other  parts  of  these  lines  not  lying  within  the 
distribution  of  the  long-leaf  pine. 

An  explanation  of  the  method  of  extracting  resin  from  the  long- 
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leaf  pine,  and  the  manufacture  of  resinous  products  is  to  be  found 
in  Bui.  5  of  the  N.  C.  Geological  Survey  publications,  1894. 

TREATMENT    REiiUIRED    BY    THE    LONG-LEAF     PINE     FORESTS. 

On  such  loamy  soils  as  are  suitable  for  the  growth  of  the  lob- 
lolly pine,  and  which  it  now  occupies  in  a  great  part,  it  would 
probably  be  more  advantageous  to  secure  in  regeneration  a  pure 
growth  of  tliat  species;  or,  where  the  loblolly  has  only  lately 
begun  to  colonize,  to  offer  it  by  protecting  from  fires,  full  facilities 
for  securing  a  thick  stand  as  the  remaining  long-leaf  pine  is 
removed. 

The  area  of  unlumbered  long-leaf  pine  lands  in  this  State  is  now 
of  small  extent  and  is  the  Feat  of  active  lumbering  operations. 
The  growth  of  pine  is  so  open  (the  density  in  only  a  few  places 
being  over  three-fourths  of  the  possibility),  that  if  protected  from 
fire  and  hogs  until  after  lumbered,  there  would  be  suflScient  light 
for  a  young  crop  to  have  secured  a  start  beneath  the  old  pines. 
In    localities   in   the  transitional  counties,  where  there  is  a  heavy 
underwood  of  small  broad-leaf  trees,  chiefly  post  oak,  Spanish  oak, 
and  white  oak,  openings  would  have  to  be  made  in  their  cover  in 
order  to  aiford  the  young  pines  suflicient  light  for  development. 
In  many  places  where  the  pine  has  been   regularly  lumbered  or 
culled  for  a  great  many  years  there  is  a  like  thick  growth  of  small 
broad-leaf  trees  beneath   the   remaining  pines,  and  here  too  the 
cover  would  have  to  be  thinned  in  order  to  give  the  young  pines 
tlie  necessary  light.    In  most  places  there  are  still  sufficient  mature 
pines  standing,  if  left  uninjured,  to  seed  the  ground  after  two  or 
more  seed-years,  if  the  seedlings  are  protected.     Where  there  are 
now  no  seed-bearing  pines  a  crop  would  have  to   be   artificially 
introduced  by  either  sowing  the  seed  or  setting  out  young  plants. 
As  seed  in  a  seed-year  could  be  cheaply  secured,  and  the  young 
plants  if  set  out  would  also  require  protection,  it  would  undoubt- 
edly be  more  economical  to  introduce  by  seeding.     The.  first  and 
absolute  prerequisite  before  any  attempt  can  be  made  to  improve 
the  condition  of  the  long  leaf  pine  forests  is  entire  exclusion  of 
cattle  and  hogs,  and  complete  protection  from  fire.     Laws  enforc- 
ing the  confinement  o**  live  stock   will  in  a  great  measure  secure 
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imnuinity  from  the  first  evil  and  will  materially  tend  to  mitigate 
the  second,  as  the  majority  of  the  fires  which  sweep  across  the  bar- 
rens with  biich  destruction  are  purposely  set  to  reniove  dried  grasa 
and  herbage  in  the  spring,  and  aflTord  cattle  the  tender,  fresh  shoots, 
of  the  year  for  pasturage. 

Especially  might  much  benefit  accrue  to  these  districts  by  the 
reenactment  of  special  fire-laws  for  the  pine  barren  districts, 
affixing  more  severe  penalties  for  their  violation ;  establishing  for 
their  execution  an  adniinistrative  corps  of  wardens  and  subordinate 
officers,  with  power  to  summon  citizens  in  case  of  fires  to  assist 
in  suppressing  them,  to  inquire  into  their  origin,  and  to  bring 
suits  in  the  courts  against  offenders  and  violators  of  the  laws. 
The  present  fire-law  is  unsatisfactory  in  offering  no  adequate 
means  for  investigation  into  the  origin  of  fires,  so  that  it  is  seldom 
or  never  that  offenders  come  within  its  bounds. 

The  long-leaf  pine  can  be  reproduced  only  from  seed,  and  is 
adapted  only  for  pure  growth  in  a  high  forest  with  a  rotation  of 
from  80  to  120  or  more  years.  As  the  tree  reaches  a  smaller  size 
and  attains  a  less  age  on  the  highly  silicious  soils  of  the  pine  bar- 
rens it  would  be  more  profitable  to  use  the  longer  periods  of  rota- 
tion, for  the  production  of  larger-sized  timber,  only  on  the  better 
class  of  soils.  It  is  more  impatient  of  the  shade  than  any  other 
of  the  forest  trees,  the  young  seedling,  even,  requiring  direct  sun- 
light and  enduring  only  a  moderate  shade,  and  the  trees  when 
once  stunted  by  over-shading,  or  too  much  compression,  never 
recover  their  normal  vigor. 

The  group  system  of  natural  regeneration  certainly  seems  to 
assure  the  successful  starting  of  a  new  crop  with  a  greater  prob- 
ability of  success  than  any  other.  By  this  system  groups  of  trees 
of  considerable  extent  are  removed  at  intervals  through  the  for- 
est, the  areas  from  which  they  are  removed  being  cut  clean,  and 
regeneration  taking  place  by  seeding  from  the  adjoining  trees. 
The  young  seedlings  cannot  be  overshaded  by  the  enlargement  of 
the  crowns  of  still-standing  trees  as  is  apt  to  be  the  case  in  selec- 
tion cutting,  and  a  thick  stand,  if  the  group  is  not  of  too  great 
extent,  more  than  two  hundred  to  three  hundred  yards  wide, 
insures  sufficient  lateral  shade  during  the  height-growth  stage  to- 
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cause  the  formation  of  clear  boles.  Dwarfed  and  defective  trees 
passed  over  in  lumbering  may  be  left  until  after  a  stand  is  secured, 
as  seed  from  them  will  materially  aid  in  obtaining  an  even  distri- 
bution of  the  young  crop ;  but  they  should  be  removed  as  soon  as 
regeneration  is  assured. 

Seed  for  planting  should  be  gathered  in  autumn,  between  the 
middle  of  October  and  the  early  part  of  November,  (rare  being 
taken  to  keep  them  dry  until  sown.  If  the  weather  is  at  all 
moist  and  warm,  planting  should  take  place  at  once.  This  will 
enable  the  seed  to  germinate  and  root  before  winter.  Otherwise 
they  should  be  kept  dry  until  early  spring  and  planted  not  later 
than  the  first  of  April. 

Only  slight  preparation  of  the  soil  is  needed  for  planting.  All 
broad-leaf  trees  should  be  removed,  and  a  plowing  to  destroy  the 
turf  lessens  the  danger  of  the  young  pines  being  choked  by  the 
grass.  From  sowings  carried  on  at  Bladenboro  as  experiments,  it 
would  seem  to  take  about  five  pounds  of  seed  to  the  acre,  tliere 
being  about  10,000  seed  to  the  pound. 

LOBLOLLY    PINE    WOODLAND. 

The  area  in  which  the  loblolly  pine  is  the  dominant  economic 
tree  includes  the  greater  part  of  the  uplands  north  of  the  Tar 
river;  most  of  the  area  lying  between  the  Tar  and  Neuse  rivers, 
except  the  uplands  of  Edgecombe,  Wilson  and  Nash  counties 
which  are  occupied  conjointly  by  the  long-leaf  and  loblolly  pines; 
the  basin  of  the  Northeast  river  in  Duplin  and  Pender  counties  ; 
the  uplands  of  Jones  and  Lenoir  counties  and  a  great  portion  of 
the  uplands  of  Carteret,  Onslow  and  Brunswick  counties;  much  of 
Columbus  and  Robeson;  the  southeastern  corner  of  Richmond; 
the  eastern  part  of  Anson  and  smaller  areas  in  Sampson  and 
Bladen  counties. 

The  forests  of  this  pine  arc  chicfiy  confined  ro  the  level  pine 
woodland  with  loamy  or  stifi' loamy  soils  as  were  described  in  the 
growth  of  the  long-leaf  pine  in  the  level  pine  woodland  (p.  156). 

To  the  north  of  the  Neuse  river,  the  loblolly  pine  forms  a  pure 
forest  over  the  larger  portion  of  the  area,  as  it  also  does  in  a  large 
portion  of  the  coastal  counties  of  Carteret,  Onslow  and  Pender, 
11 
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on  the  exteiksive  flats  of  the  Liunber  river  and  its  tributaries  in 
liobeson  county,  and  on  the  loose  moist  sands  of  the  southeastern 
part  of  Anson  county.  Over  the  rest  of  the  area  the  forests  are 
more  broken,  consisting  of  sniall  groves  in  old  fields,  or  contain 
both  the  long-leaf  and  the  loblolly  pines. 

CONDITION  OF  THE  FORESTS. 

Where  unl umbered,  the  forests  of  loblolly  pine  are  compact, 
with  a  continuous  cover,  the  forest  floor  being  good  and  with  a 
moderately  deep  humus.  On  the  best  soils  the  trees  attain  a 
height  of  90  to  100  feet,  with  trunks  of  40  to  50  feet  free  from 
limbs.  On  poorer  soils,  especially  where  they  have  appeared 
spontaneously  in  abandoned  fields,  which  are  often  on  the  lighter 
lands  from  the  greater  ease  with  which  tilled,  the  trees  are  much 
smaller,  not  averaging  over  70  or  SO  feet  in  height.  They  have, 
however,  proportionally  larger  diameters  than  taller  trees  and 
usually  shorter  boles,  the  growth,  when  young,  having  been  so 
open   that  the  trunks  have  not  cleared    themselves  from    limbs. 

This  is  due  to  a  greater  number  of  the  trees  beiiig  suppressed, 
more  light  being  necessary  for  growth  on  the  poorer  soils.  The 
loblolly  pine  generally  forms  an  upper  story  of  pure  growth, 
beneath  which  when  the  pine  cover  is  dense  there  is  a  lower 
story  of  dogwood,  post  oak,  and  other  small  shade-enduring  trees  ; 
or  when  the  pine  cover  is  open,  as  is  frequently  the  case,  there  is 
a  slightly  ^uV)ordinate  growth  of  Spanish  oak,  black  oak,  and  post 
oak,  small  hickory,  and  sometimes  black  gum  and  other  trees. 
There  is  often  a  (considerable  amount  of  young  growth  of  broad-leaf 
shade-bearing  species,  post  oak,  dogwood,  black  gum,  and  some- 
times black  oak  and  Spanish  oak,  which  survive  for  a  longer  or 
shorter  time  beneath  the  shade  of  the  other  trees,  the  dogwood 
and  post  oak  on  the  best  soils  even  reaching  maturity.  Young 
pines,  however,  are  wanting  ;  and  on  the  poorer  soils  broad-leaf 
tree  seedlings  onl}^  stand  the  shade,  it  at  all,  for  a  short  time. 

Where  the  forests  of  loblolly  pine  have  been  lumbered  the  pine 
shows  for  a  few  years  no  signs  of  succeeding  itself,  as  there  are  no 
young  pine  seedlings  beneath  the  shade  of  the  mature  pines. 
Self-sown  seed,  however,  from  neighboring  trees  or  from  under- 
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sized  ones  left  in  lumbering,  even  small  trees  seeding  with  remark- 
able fecundity  and  regularity,  soon  produce  a  vigorous  stand  of 
young  pines  in  all  open  places  and  also  beneath  the  light  shade 
of  tlie  broad-leaf  trees  which  often  grow  beneath  the  mature 
pines.  This  young  stand  rapidly  pushes  upward  through 
the  thin  canopy  to  secure  the  light.  As  the  oak  flats  are 
approached,  with  their  more  compact  and  taller  growing  broad- 
leaf  trees,  it  becomes  more  difficult  after  lumbering  for  the  lob- 
lolly i>ine  to  replace  itself.  The  rivalry  between  it  and  the  com- 
peting broad-leaf  trees  is  closer  and  more  in  favor  of  the  shade- 
bearing  broad  leaf  element  as  the  cover  is  less  broken,  until,  on 
the  ever-moist  margins  of  the  loamy-soiled  swamps,  and  particu- 
larly where  alluvial,  the  pine  forms  only  a  small  proportion  of 
the  entire  growth.  It  attains,  however,  in  such  situations  its  per- 
fection of  individual  development.  On  the  other  hand,  as  the 
drier  Si)ils  are  approached  there  is  less  struggle  between  the  lob- 
Jolly  pine  and  the  broad-leaf  trees;  but  as  soon  as  the  porous, 
loose,  sandy  soils  of  the  pine  barrens  are  reached,  the  loblolly  pine 
^vith  its  delicate,  rather  superficial  root-system  is  unable  during 
the  seedling  stage  to  supply  by  its  roots  the  water  passed  off 
throngh  its  leaves  by  transpiration  and  it  succumbs  during  the  first 
season. 

MERCHANTABLE  LOBLOLLY  PINE  TIMBER. 

The  merchantable  timber  had  been  more  largely  removed  in  the 
eastern  counties  where  the  numerous  waterways  greatly  expedited 
exploitation  as  well  as  facilitated  shipment  of  the  manufactured 
products.  In  the  counties  lying  north  of  the  Roanoke  river  most 
of  tlie  loblolly  pine  suitable  for  saw  logs  has  been  cut ;  only  small 
bodies  attached  to  farms,  or  situated  at  a  distance  from  transpor- 
tation facilities  yet  remain.  Great  quantities  of  timber  have  been 
<-iit  during  the  past  twenty  years  for  the  local  mills,  the  largest  of 
^^hieli  are  located  at  Elizabeth  City;  and  even  larger  quantities 
have  been  exported  by  railways  and  towed  in  rafts  to  mills  in  the 
vicinity  of  Norfolk,  Va.  Timber  for  the  mills  at  Elizabeth  City 
is  now  obtained  from  the  forests  contiguous  to  the  Chowan  and 
lioanoke  rivers  and  from  the  counties  lying  on  the  southern  side 
of  Albemarle  sound.     There  are  still  large  amounts  of  pine  tim- 
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ber  standing  in  Dare  and  Hyde  counties.  The  forests  of  Beau- 
fort, Washington  and  Martin  counties  have,  however,  been  nearly 
exhausted.  In  Pitt,  Edgecombe,  and  Green  counties  exploitation 
is  well  advanced  in  the  loblolly  pine  forests  near  the  railways  and 
water  courses,  while  the  greater  part  of  the  timber  has  been 
removed  from  Pamlico  and  Carteret  counties.  The  unhimbered 
pine  lands  of  Beaufort  county  lie  in  the  northeastern  part  of  the 
county  ;  those  of  Craven  in  the  southwestern  part.  Bordering 
the  swamps  in  Duplin,  Onslow  and  Pender  counties  are  large 
nnlumbered  areas  of  loblolly  pine  growth,  chiefly  where  this  pine 
has  superseded  the  long-leaf  pine  ;  and  in  Brunswick,  Columbus, 
Robeson  and  Bladen  counties,  along  Brown  and  Green  marshes 
and  the  flats  of  Lumber  river  and  its  tributaries,  are  still  large 
quantities  of  merchantable  timber.  There  are  smaller  bodies  of 
timber,  though  scarcely  more  than  is  sufiicient  for  local  use,  in 
Wilson,  Nash,  Johnson,  and  the  eastern  parts  of  Wake  and  Anson 
counties. 

FOREST  INDUSTRIES. 

The  loblolly  pine  is  tapped  for  turpentine  only  to  an  inconsid- 
erable extent,  but  the  lumber  industries  of  all  of  the  towns  to  the 
north  of  the  Neuse  river  and  of  most  of  the  sea-board  towns  to 
the  south  of  it,  are  entirely  dependent  on  this  pine  for  their  logs. 
The  chief  seats  of  the  manufacture  of  loblolly  pine  lumber  are 
Newbern,  Washington,  Elizabeth  City,  Edenton,  Plymouth  and 
Wilmington.  The  annual  cut  of  logs  amounts  to  about  560,- 
000,000  feet,  boad  measure,  less  than  two-thirds  of  which  is  man- 
ufactured in  this  State. 

The  loblolly  pine  is  not  used  for  railyway  ties,  or  slieepers  of 
any  sort  placed  next  to  the  earth.  Railway  ties  for  local  use  are 
made  from  the  post  oak  growing  beneath  the  pine.  The  dogwood 
is  converted  into  shuttle  blocks.  No  use  is  made  of  the  small  red 
oaks  and  other  small  trees  which  constitute  the  remainder  of  the 
forest. 

FOREST    PROTECTION. 

The  loblolly  pine  requires  little  protection  compared  with  the 
long-leaf  pine.     The  seed  is  small  and  is  not  seriously  destroyed 
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by  animals  or  in  other  ways.  It  falls  dnring  tbe  late  autumn  and 
winter  and  sprouts  during  the  following  spring  and  by  the  end  of 
the  first  season  the  seedlings  have  reached  an  average  height  of 
about  seven  inches.  After  that  they  grow  at  a  rate  of  about  eigh- 
teen inches  a  year  for  seven  years,  so  that  specimens  four  or  five 
years  old  are  too  high  to  have  any  but  the  lower  branches  scorched 
by  a  fire  consuming  only  the  leaves  and  herbage.  The  thick  bark, 
too,  is  a  great  protection  to  even  small  trees.  Since  they  grow 
on  moister  soils  and  form  a  deeper  shade  than  the  long-leaf  pine 
which  prevents  the  growing  of  grass  there  is  less  danger  from 
fires.  Not  being  boxed  or  worked  for  turpentine  the  mature 
trees  are  less  apt  to  be  destroyed  by  fires. 

Where  growing  on  drier  soils  the  growth  of  the  loblolly  pine  is 
nut  so  rapid  later  in  life  as  in  the  early  years  and  the  scars  left  in 
the  natural  shedding  of  the  limbs  do  not  so  quickly  heal  over, 
many  of  the  trees  being  aflfected  by  fungus  diseases  which  gain 
access  through  such  openings. 

REPRODUCTION  OF  LOBLOLLY  PINE  FORESTS. 

In  old  fields  and  clearings  within  the  area  of  the  distribution 
of  the  loblolly  pine  a  spontaneous  growth  of  loblolly  pine  quickly 
appears,  the  light,  winged  seed  being  dispersed  by  the  wind  for  a 
considerable  distance,  sometimes  hundreds  of  yards,  from  the  seed- 
bearing  trees.  The  production  of  seed  begins  at  an  early  age 
with  ii^olated  specimens,  sometimes,  when  they  are  under  ten 
years  old,  but  later  with  those  whose  crowns  do  not  receive  full 
t^nnlight,  and  continues  uninterrupted  for  a  great  many  years. 
There  is  seldom  a  year  when  some  trees  in  a  locality  do  not 
mature  cones,  since  the  trees  grow  under  such  diverse  conditions 
of  soils  and  moisture.  The  cones,  which  require  two  seasons  to 
develo]),  open  and  the  seed  are  distributed  during  the  autumn 
and  winter  after  they  have  ripened,  some  remaining  unopened 
until  the  succeeding  spring.  The  seed  retain  their  germinative 
power  for  several  years,  but  usually  germinate  the  first  spring 
after  falling  to  the  ground  or  after  being  planted. 

SYLVICULTURAL  TREATMENT  OF  THE  LOBLOLLY  PINE. 

The  selection  system   of  cutting,  culling,  was  formerly  much 
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practiced  in  the  loblolly  pine  woods  when  the  demand  was  almost 
entirely  for  pieces  of  timber  of  exceptionally  large  dimensions  for 
special  uses.  By  this  method  of  cutting  the  largest  si)ecimens 
only  were  removed  and  the  smaller  allowed  to  continue  their 
growth  nninterruped.  This  was  before  kiln  dried  loblolly  pine 
lumber  became  a  feature  on  the  lumber  market  and  stocks  of  all 
sizes  of  this  pine  came  into  general  demand  for  lumber  purposes. 
Now  clear  cutting  is  the  rule  in  lumbering,  though  much  tu  the 
detriment  of  the  forest. 

In  spite  of  the  naturally  abundant  reproductive  powers  of  the 
loblolly  pine,  much  can  be  done  during  and  subsequent  to  lum- 
bering to  facilitate  regeneration  and  secure  a  thick  stand  of  young 
pines.  With  clear  cuttings,  frequent  seed-bearing  trees  should  be 
left  to  insure  a  thorough  and  ufiiform  seeding  of  the  area  at  as 
early  a  time  as  posssible.  It  is  absolutely  necessary  to  pn^teet 
recently  lumi>ered  lands  from  fires,  as  in  the  event  of  one  while 
the  ground  is  encumbered  with  the  tops  of  the  felled  trees,  all  of 
the  young  pines  will  be  destroyed,  (^attle  do  but  little  damage 
to  young  loblolly  pines. 

Existing  woods  of  compact  young  loblolly  pines,  in  which  the 
trees  have  reached  a  height  of  80  to  40  feet,  could  probably  l)e 
thinned  by  having  the  suppressed  and  subordinate  trees  removed, 
to  the  great  benefit  of  those  remaining,  affording  more  light  to  the 
crowns  and  stimulating  rapid  enlargement  of  the  trunks.  Where 
dense  growth  is  left  to  natural  thinnings,  the  suborditiate  groups, 
the  crowns  enduring  a  considerable  compression,  will  interfere 
for  some  years  with  the  larger  and  more  vigorous  specimens  which 
are  ultimately  to  survive.  By  securing  thick  stands,  h(»wever, 
during  the  early  stages  of  <ievelopment  and  thintiing  at  the  right 
times,  chiefly  when  the  period  of  most  r«pid  height-growth  has. 
passed,  the  accretion  secured  within  a  given  time  can  be  consid- 
erably increased  above  what  it  would  be  if  the  wood  were  left  to 
natural  suppression  and  a  prolonged  struggle  between  trees,  only 
a  small  proportion  of  which  are  ultimately  to  survive.  At  certaii> 
stages  of  development,  however,  the  thick  stands  and  the  struggle 
between  the  trees  to  secure  the  light  is  necessary  to  cause  the 
rapid  pushing  upward  of  the  crowns  and  the  formation  of  clean 
shafts. 
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In  many  places  where  small  but  vigorous-growing  broad-leaf 
species  have  succeeded  after  hnnbering  in  securing  possession  of 
loblolly  pine  lands,  it  will  be  found  necessary  to  break  their  cover 
in  order  to  permit  the  pine,  unable  to  endure  a  heavy  shade,  to 
obtain  a  foothold.  On  sonje  areas  not  a  sufficient  number  of  seed- 
bearing  pines  were  left  to  thickly  seed  the  area  even  in  several 
years,  during  which  time  the  broad-leaf  trees  thicken  up  to  such 
an  extent  as  to  exclude  the  pine  altogether.  Where  the  pines  do 
come  up  in  such  situation  they  make  rapid  height-growth  and 
soon  overtop  the  broad-leaf  trees. 

Such  conditions  as  this  are  only  encountered  on  the  better  class 
of  soils.  In  such  places  either  enough  pines  must  be  left  to  insure 
thick  and  immediate  seeding,  or  the  broad-leaf  trees  must  be 
removed  or  thinned  dmultaneously  with,  or  just  after,  the  cutting 
of  the  pines.  A  portion  of  the  underwood,  the  post  oak  and  dog- 
wood can  be  renioved  without  anv  extra  cost,  the  former  bcinij:  in 
demand  for  railway  ties  and  the  latter  for  shuttle  blocks,  etc.  In 
many  places  where  the  underwood  is  not  salable,  its  thinning  or 
removal  in  part  will  be  a  matter  of  necessity  in  order  to  secure  suc- 
cessful reproduction  of  the  pine. 

An  inspection  of  loblolly  pme  lands  which  were  •closely  lum- 
bered t>  to  12  years  ago  fully  shows  that  regeneration  is  irji perfect 
and  decidedly  irregular,  many  places  of  considerable  extent  being 
entirely  without  a  young  growth  of  pine. 

As  is  the  case  with  the  other  pines,  the  loblolly  can  be  re}>ro- 
duced  only  by  means  of  seed.  It  is  adapted  for  pure  growth  in  a 
high  forest  with  a  rotation  of  on  to  12i)  years,  according  to  the 
dimensions  of  the  timber  desired,  and  the  quality  of  the  poils;  or 
it  can  be  grown  on  the  best  grades  of  moist  or  damj)  loams,  in 
mixed  woods  with  the  large  broad-leaf  species,  under  a  more 
lengthy  rotation  for  the  j)rodnction  of  large-sized  timbers. 

Tlie  trees,  especially  when  young,  endure  sume  shade,  and 
durint?  the  early  stages  of  development  tlu»  crowns  are  capable  of 
withstanding  considerable  compre>sion,  but  if  overshaded  for  a 
long  time  are  unable,  when  light  is  afforded  them,  to  regain  their 
vigor.  Its  easy  reproduction  by  means  of  the  light  seed  renders  it 
especially  adapted  to  clear  cuttings,  when  regeneration  can  be 
secured  from  adjoining  woods.      That  is,  it  is  adapted  to  the*  group. 
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system  of  natural  regeneration  with  large-sized  groups,  or  the 
strip  system,  with  groups  or  strips  not  over  three  hundred  to  four 
hundred  yards  wide.  This  is  the  method  of  regeneration  now 
roughly  relied  on  over  a  large  portion  of  the  eastern  counties, 
though  the  seed  from  under-sized  and  defective  trees,  left  on  the 
lumbered  area,  materially  assist.  To  make  certain  of  regenera- 
tion the  strips  cleared  at  one  time  should  not  have  a  greater 
width  than  four  hundred  yards. 

For  planting  very  little  preparation  of  the  soil  is  required. 
Thin  woods  of  broad-leaf  trees  can  have  loblolly  pine  planted 
with  them  if  their  cover  is  sufficiently  open  to  admit  of  the  growth 
of  the  pine,  wherever  the  humus  is  not  too  deep,  without  any 
more  preparation  of  the  soil  than  turning  over  the  humus.  Waste 
places  that  are  not  naturally  seeded  could  advantageously  be 
plowed  and  artificially  planted.  Seeding  can  be  done  in  early 
spring,  the  seed  being  covered  by  harrowing  with  brush,  but 
should  not  be  covered  deeper  than  J  inch.  The  greater  part,  if 
not  all,  of  the  &eed  will  germinate  the  same  year  in  which  planted, 
usually  in  about  four  weeks.  About  four  pounds  of  seed  are 
required  to  sow  an  acre.  There  are  about  25,000  seed  to  the 
pound.     Th<3  young  plants  must  be  carefully  protected  from  fires. 

TRANSITIONAL  FORESTS. 

The  transitional  forests,  lying  along  the*  western  border  of  the 
coastal  plain  region,  are  formed  by  the  overlapping  of  the  conifer- 
ous forest  of  the  pine  belt  and  the  broad^leaf  forests  of  the  Pied- 
mont plateau  region,  so  that  oaks  and  hickories  with  the  long-leaf 
pine  form  the  greater  part  of  the  growth.  These  forests  are  best 
developed  in  the  middle  and  southern  parts  of  Nash  county,  the 
eastern  ])art  of  Wake,  and  the  western  part  of  Montgomery.  To 
the  north  of  Nash  county,  in  Northampton  and  Halifax  counties, 
it  is  only  occasionally  along  crests  covered  with  sandy  drift  that 
the  forejits  are  typically  developed  ;  elsewhere,  on  the  more  loamy 
soils,  the  broad-leaf  element  exists  without  the  long-leaf  pine,  and 
is  associated  with  the  short-leaf  and  loblolly  pines.  In  southeast- 
ern. Chatham  and  southeastern  Randolph  counties  the  long-leaf 
])ine  also  occasionally  occurs  along  sandy  or  gravelly  crests,  but 
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the  area  occupied  by  it  is  comparatively  small.  The  transi- 
tional forest  is  best  developed  in  the  western  part  of  Montgomery 
I'onnty,  where  it  forms  a  belt  three  to  six  miles  in  width.  The 
trees  most  abundantly  associated  with  the  long-leaf  pine  are  the 
black-jack  oak,  post  oak,  Spanish  oak,  and  white  oak,  and  white 
hickory ;  these  form  a  low  growth,  30  to  50  feet  in  height,  and  are 
overtopped  by  the  long-leaf  pine,  which  is  60  to  90  feet  in  height. 
In  some  localities  the  pine  forms  as  much  as  one-fourth  of  the 
entire  growth  ;  usually,  however,  much  less. 

The  loblolly  pine  which  is  associated  with  the  broad-leaf  trees 
in  these  transitional  counties,  is  very  largely  second  growth. 

The  long-leaf  pine  has  been  extensively  culled  in  Wake  and 
Xagh  counties,  and  but  little  merchantable  timber  of  that  species 
remains  ;  in  Montgomery  county,  however,  the  forests  are  still 
intact. 

The  long-leaf  pine  is  failing  to  reproduce  itself  in  these  forests 
for  the  same  reasons  that  were  given  for  its  scanty  reproduction  in 
its  competition  with  the  loblolly  pine  ;  here,  the  competition  is 
with  broad-leaf  species. 

All  the  transitional  forests  lie  within  the  Piedmont  plateau 
region,  the  forest  soils  being  derived  for  the  most  part  from  crys- 
talline rocks,  and  are  more  fertile  or  at  least  better  suited  for  tree 
growth  than  most  of  the  soils  in  the  coastal  plain  on  which  the 
long-leaf  pine  is  found  growing. 

FORESTS  OF  THE  LOWLANDS  OF  THE  COASTAL  PLAIN. 

These  forests  occur  on  lands  which  are  swamp}'  or  inundated 
during  at  least  a  part  of  the  growing  season,  and  are  naturally 
>eparable  into  four  divisions  which  differ  in  the  character  of  the 
<lominant  economic  growth  ; 

(1.)  In  which  numerous  broad-leaf  trees,  chiefly  oaks,  constitute 
the  greater  portion  of  the  growth — the  oak  flats. 

(2.)  In  which  gums  and  cypress  constitute  the  chief  growth 
— the  gum  and  cypress  swamps. 

(3.)  In  which  the  white  cedar  occurs — the  white  cedar  swamps. 
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(4:.)  In  which  the  pond  pine  forms  the  greater  portion  of  the 
giowth  or  is  tlie  largest  tree — pond  pine  pocosins. 

OAK     KLATrt. 

The  oak  flats  border  most  of  the  gum  and  cypress  6\vamj)s, 
lying  between  the  gum  and  cypress  swamps  and  the  level  pine 
lands.  They  constitnto  ab  >iit  one  fourth  of  the  swamp  area,  or 
1,000  square  miles.  The  soils  are  damp  or  moist  usually  deep 
loams,  or  more  often  sandy  loams,  generall}'  inundated  during 
spring,  with  a  good  humus  and  a  fair  intermixture  of  vegetable 
matter  in  the  top-soil. 

Their  growth  is  entirely  of  broad  leaf  trees,  in  places  with 
occasional  loblolly  pines  disseminated  among  them,  but  the  white 
and  water  oaks  are  characteristic.  Water  and  willow  oaks  skirt 
the  flats.  Swamp  chestnut  oak  and  overcup  oak,  Spanish  oak, 
and  occasional  white  oaks  form  a  great  part  of  the  growth  of  the 
interior;  with  them,  elms,  red  maple,  cotton  wood,  and  more  or 
less  sweet  i^um  and  water  gum.  These  form  an  upper  story  >^<>  to 
100  feet  in  height,  and  of  considerable  density  ;  beneath  them  are 
many  small  trees,  ])ost  oak,  hornbeam,  and  haws. 

Where  not  su])pressed  by  browsing  cattle,  or  the  shade  is  not 
too  dense,  young  seedlings  of  most  of  the  trees  are  represented. 
All  of  the  trees  endure  a  light  shade  in  youth  ;  the  wilK»w  and 
water  oaks  least,  the  white  and  overcup  oaks  the  deei)est  and  for 
the  longest  perio«l.  In  most  localities  pasturage  is  regularly 
practiced,  this  woodland  being  esteemed  the  best  grazing  ground 
for  cattle  during  the  spring  and  summer,  and  the  young  growth 
of  tender  broad-leaf  si)eciifs  is  systematically  suppressed.  Pine 
and  the  more  vigorously  sprouting  and  rapidly  growing  species 
and  those  seeding  most  abnTidantly — cottonwood,  water  oak  and 
wmHow  oak — largely  replace  windfalls  and  culled  specimens. 
The  seed  of  the  swamp  chestnut  oak,  overcup  and  white  oaks  are 
largely  destroyed  by  hogs  ;  the  seed  of  the  otlier  oaks  to  a  less 
extent. 

There  is  so  little  undergrowth,  and  these  woods  are  so  damp, 
that  fires  rarely  pass  through  the  flats  or  do  any  serious  damage. 
Much  of  the  best  white  oak,  the  several  species,  and  Spanish  oak. 
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has  been  culled  for  making  staves  or  for  large^sized  timber — tun 
timber — for  shipbnildincr,  water  and  willow  oaks  or  pine  having 
replaced  them.  The  soils,  being  fertile,  extensive  areas  have  been 
draiuQ^  and  put  under  cultivation.  Where  such  areas  are  aban- 
doned the  loblolly  pine  with  sweet  gum,  and  if  seed-bearing  trees 
be  very  near,  w^ater  and  willow  and  Spanish  oaks  establish  them- 
selves; the  p)ines  first  and  most  abundantly,  the  others  later  and 
in  less  numbers.  If  not  thoroughly  drained,  the  oaks  will  in  time 
supersede  the  pine  or  a  portion  of  it. 

Where  the  soil  of  the  oak  flats  becomes  at  all  peaty  yellow  pop- 
lar occurs,  but  only  occasional  trees  among  the  others.  It  is  most 
frequent  in  the  series  of  counties  facing  the  sounds. 

In  a  few  places  in  the  vicinity  of  the  coast,  or  near  large  bodies 
of  water  where  the  air  is  cspeciHlly  humid,  there  is  a  considerable 
intermixture  of  beech  with  the  oaks. 

In  connection  with  the  oak  flats  may  be  considered  the  greater 
part  of  the  alluvial  bottom  lands  bordering  the  larger  streams 
that  have  their  headwaters  beyond  the  coastal  plain  region. 
These  fluvial  soils  are  silty,  a  mixture  of  the  finest  clayey  and  sili- 
cious  particles,  with  a  varying  proportion  of  decomposing  vege- 
table matter  intermixed.  The  silt  becomes  finer  and  the  soils 
n)ore  compact  as  the  coast  is  neared.  On  the  more  elevated  parts 
of  these  bottoms  where  the  periodic  overflow  is  neither  too  fre- 
(jucnt,  or  the  rise  of  the  water  too  deep,  there  is  a  mixed  growth 
of  broad-leaf  trees.  Variations  in  the  kind  of  trees  occur  ju-cord- 
ing  to  the  depth  and  frequency  of  the  overflow. 

Where  the  soils  are  drier  the  water  and  willow  oaks,  white  oak 
and  the  Spanish  oak  with  shagbark  hickory  form  most  of  the 
woods ;  where  wetter,  ash,  cottonwood,  and  hackberry  are 
largely  intermixed,  these  being  replaced  on  the  wettest  soils  by 
.>weet  gum,  water  gum  and  tupelo  with  <!y press  and  some  cot- 
ton \vood  and  swamp  ash. 

The  white  oak  and  ash  have  been  extensively  culled  from  these 
swamps,  and  merchantable  cypress  has  been  largely  removed. 

These  woods,  when  oaks  predominate  in  them,  are  practically 
under  the  same  conditions  and  require  about  the  same  system  of 
management  as   ^-ill   be  indicated  for  the  oak   flats.      The  white 
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and  Spanish  oak  are  to  be  favored  at  the  expense  of  the  other 
less  valuable  kinds  of  trees,  which  if  left  alone  are  apt  to  take 
their  place.  On  the  alluvial  lands  the  species  usually  succeeding 
the  oaks  are  the  light-seeded  sweet  gum,  cottonwood,  syoamore, 
and,  to  a  less  extent,  hackberry  and  loblolly  pine. 

MERCHANTABLE  TIMBER  ON  THE  OAK  FLATS. 

The  largest  areas  from  which  the  white  oak  has  not  been 
•severely  culled  He  in  Bladen,  Onslow,  Jones  and  Pamlico  coun- 
ties. They  will  cut  to  the  acre  from  40  to  60  cords  of  mixed  hard- 
woods. Where  culling  of  white  oak  has  long  been  practiced 
water  oaks  have  gradually  replaced  them,  in  a  great  measure  at 
least. 

These  forests  yield  excellent  white  oak  timber  and  some  "  red" 
oak  (Spanish  oak)  of  large  dimensions,  and  suitable  for  milling 
purposes  ;  yellow  poplar  and  cottonwood  for  paper-stock  ;  a  limited 
amount  of  red  m^j^^'e,:aivd*»?arge  quantities  of  white  oak  railway  ties. 

..;    ;   8YtY<CULTURAL  TREATMENT, 

The  seed  of  su.^lt /Bp^cjig^aLS  it  is  desirable  to  reproduce  should 
be  protected  from  hogs,  and  cattle  should  be  excluded  from  all 
young  growth,  until  it'is  too  large  for  them  to  injure. 

The  most  valuable  trees  occurring  on  the  oak  flats  are  the  sev- 
eral species  of  white  oak  and  the  Spanish  oak,  and  forest  manage- 
ment should  have  for  its  object  the  increasing  of  the  proportion  of 
these,  and  preventing  the  water  oaks  and  other  less  valuable  spe- 
<;ies  from  supplanting  them. 

On  large  areas  where  indiscriminate  culling  has  to  a  great 
extent  removed  the  species  of  white  oak,  less  valuable  trees  have 
already  followed,  and  but  little  can  be  done  in  the  way  of  natural 
regeneration  to  raise  the  standard.  Artificial  re-introduction  of 
the  white  oaks  is  necessary.  This  can  be  accomplished  by  thin- 
ning the  existing  wood  of  the  least  desirable  species  or  by  remov- 
ing decrepit  specimens,  and  underplanting  with  acorns,  preferably 
with  those  of  the  swamp  chestnut  oak,  since  in  the  latitude  of 
this  State  that  is  the  most  vigorous-growing  species  and  reaches 
the  largest  size  on  such  soils.     Or,  the  swamp  chestnut  oak  or 
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Other  desired  species,  can  be  introduced  gradually  beneath  such 
breaks  in  the  cover  as  are  occasioned  from  time  to  time  by  wind- 
falls or  by  culling. 

If  the  underplanting  is  done  by  seeding,  and  where  acorns  are 
abundant  or  can  be  cheaply  obtained  this  is  the  preferable  way, 
being  less  expensive  than  raising  young  plants  in  nursery  rows  and 
then  transplanting,  the  acorns  should  be  gathered  in  the  autumn,  as 
soon  as  they  have  fallen  ;  if  they  are  to  be  kept  for  spring  plant- 
ing they  should  be  deeply  packed  in  fresh  sand  on  the  north  side 
of  a  barn  or  some  other  cool  situation.  If  the  acorns  of  the  chest- 
nut oak  are  allowed  to  lie  on  the  ground  too  long  after  falling, 
particularly  if  the  weather  is  moist  and  warm,  a  great  part  of 
them  will  have  begun  to  sprout  and  then  cannot  well  be  kept  over 
winter.  The  acorns  of  this  oak  are  more  difficult  to  keep  over 
winter  than  those  of  any  other,  and  they  retain  their  germinative 
power  for  the  shortest  time.  For  these  reasons  it  may  be  advisa- 
ble to  sow  in  the  autumn,  though  some  of  the  acorns  may  be  car- 
ried oif  by  squirrels  and  mice,  and  there  is  a  possibility  that  such 
a&  do  not  sprout  and  take  root  in  the  autumn,  as  most  of  them, 
however,  will,  may  be  carried  off  by  high-water. 

The  oak  flats  and  the  narrow  alluvi.al  bottoms  are  the  only 
lands  in  the  coastal  plain  region  which  are  capable  of  producing 
a  growth  of  large-sized  broad-leaf  trees,  and  for  this  reason  they 
assume  a  greater  impoitance  than  their  limited  area  would  other- 
wise seem  to  justify.  Whatever  in  the  Vay  of  yellow  poplar  or 
oak  timber  suitable  for  saw-logs,  or  of  hickory  for  mechanical 
purposes,  is  to  be  grown  in  the  coastal  plain  region  must  come 
either  from  the  oak  flats  or  the  alluvial  bottoms. 

THE    GUM    AND    CYPRESS    SWAMPS. 

The  gum  and  cypress  occupy  the  deepest  parts  of  nearly  all  the 
swaraps  which  have  a  sufficiently  porous  soil  to  permit  the  pene- 
tration of  the  deeply  seated  cypress  roots  and  which  are  not  sub- 
ject to  drying  out  in  the  late  summer  ;  and  even  though  the  sur- 
face may  be  very  dry  in  dry  seasons,  if  the  subsoil  be  well  watered 
and  porous,  these  trees  may  still  flourish.     (Plate  XXI.) 
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Tliey  seem  to  be  rather  indifferent  to  the  quality  of  the  soil, 
attaining  a  large  size  and  comparative  thick  growth  on  even  the 
sandy  soils,  provided  they  are  well  watered.  The  presence  of  a 
deep  humus  which  has  been  uninjured  by  fire  has  undoubtedly 
much  influence. 

On  the  sedimentary  alluvial  soils  the  growth  is  fiom  110  to  125 
feet  in  height,  and  it  is  somewhat  less  on  sandy  soil. 

The  body  of  the  wood  is  formed  of  sweet  gum,  water  gum  and 
tupelo,  with  these  more  or  less  cypress,  which  however  seldom 
constitutes  as  much  as  one-fourth  of  the  entire  growth.  Beneath 
these  are  small  water  ash,  and  young  trees  of  species  represented 
in  the  dominant  growth,  in  all  stages  of  development.  The  trees 
are  all  shade-enduring  in  thoir  youth  and,  probably  with  the 
exception  of  the  water  gum,  all  shade-demanding  in  the  earliest 
seedling  stages. 

It  is  not  often  that  fires  do  damage  to  these  swamps,  as  through 
the  winter  and  spring  they  are  too  wet  to  burn  ;  but  sometimes  in 
dry  autumns  the  underwood  is  destroyed  with  great  loss. 

The  injury  inflicted  by  browsing  cattle  is  slight. 

MERCHANTABLE  TIMBER  OF  QUM  AND  CYPRESS  SWAMPS. 

The  supply  of  cypress  suitable  for  making  either  board  orshin- 
gles  is  nearly  exhausted.  In  the  Pamlico  i)eninsu!a  several  large 
bodies  are  vet  intact ;  scattered  trees  still  stand  along  most  of  the 
larger  streams :  Uoanoke,  Tar,  Neuse,  Northeast  and  Gape  Fear 
rivers;  smaller  bodies  are  yet  to  be  found  in  many  of  the  other 
swamps,  such  as  those  surrounding  Lake  Waccamaw,  Big  Swamp 
in  Bladen  county,  and  others. 

Eycept  in  the  few  places  where  the  forests  have  been  unlum- 
bered  the  cover  is  broken  and  irregular  from  the  removal  of  the 
mature  cypress.  The  thickets  of  water  and  sweet  gums  growing 
beneath  them  have  rapidly  pushed  upward  to  take  the  place  of 
the  cypress  on  its  removal. 

While  the  timber  of  the  cypress  is  of  the  most  excellent  quality, 
it?  natural  powers  of  reproduction  are  so  limited  and  the  accre- 
tion of  the  trees  after  the  height-growth  is  made  is  so  slow  that 
the  outlook  for  extensive  reproduction  is  far  from  encouraging. 


WHITE    CEDAK    OB    .ICNirKR    SWAMPS.  175 

Although  the  cypress  does  not  discriminate  in  regard  to  mineral 
fertility  of  soil,  it  is  so  exacting  in  regard  to  moisture  that  the 
area  which  is  really  adapted  for  its  best  growth  for  timber  is 
exceedingly  limited.  The  trees  growing  on  the  margins  of  the 
sMramps,  and  in  swamps  where  the  moisture  is  very  unequally  dis- 
tributed through  the  growing  season  have  a  far  larger  proportion 
of  sap  than  those  in  the  deep  swamps  and  are  often  seriously 
affected  with  hollows. 

Although  young  cypret^s  trees  in  all  stages  of  development  are 
to  be  seen  scattered  through  the  forests,  their  number,  in  com- 
parison with  the  competing  sweet  and  water  gums  is  intignificant. 
Their  height-growth,  however,  is  rapid  until  the  trunk  begins 
the  formation  of  the  characteristic  short,  flattened,  spreading 
crown.  After  the  attainment  of  the  height-growth,  the  diameter 
growth,  the  stage  of  most  rapid  accretion,  is  sutiiciently  rapid. 
The  trees  at  this  stage  have  a  diameter  of  from  14  to  IS  inches, 
and  are  from  80  to  100  years  old,  and  are  still  largely  sap  wood. 
The  diameter-growth  after  this  becomes  gradually  less,  until  in 
6on)e  of  the  oldest  and  largest  trees  there  are  as  many  as  thirty 
rings  of  annual  growth  to  an  inch  of  diameter.  The  length  of 
time  required  to  reproduce  the  forests  which  are  now  being  util- 
ized will  not  be  less  than  200  or  250  years,  and  many  of  the  large 
trees  in  the  existing  forests  are  over  300  years  old.  For  most  of 
the  purposes,  too,  for  which  the  timber  is  used,  that  of  the  more 
rapid-growing  white  cedar  is  equally  as  well  adapted.  The  area 
of  such  swamp  land  suitable  for  the  growth  of  cypress  is  not  far 
from  300,000  acres,  while  the  area  of  gum  swamp  is  over  1,200 
square  miles. 

WHITE    (^EDAR    OK    JUNIPER    SWAMPS. 

The  woodland  in  which  the  white  cedar  is  the  dominant  tree 
ocenjiies  small  shallow  swamps,  "  bays'':  or  not  infrequently  there 
occur  groups  of  a  few  trees  disseminated  through  gum  and  cypress 
swamps,  or  more  rarely  in  beech  and  yellow  poplar  flats  where  the 
Boil  and  moisture-conditions  become  favorable  for  the  develop- 
ment of  the  white  cedar  and  less  favorable  for  that  of  the  larger 
hroad-leaf  trees. 
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The  most  extensive  bodies  of  such  swainjf  lie  in  the  vicinity  of 
the  coast  in  the  great  Disroal  Swamp ;  in  the  counties  of  Dare  and 
Hyde ;  and  the  Pamlico  peninsula,  where  the  cedar  occurs  in 
small  groups  in  a  morass,  the  growth  in  which  varies  a  great  deal 
as  the  amount  of  moisture  in  the  soil  becomes  greater  or  less. 
There  are  other  large  bays  in  Pamlico  county,  and  on  the  flats* 
surrounding  and  contiguous  to  Lake  Waccamaw.  Smaller  bodies 
are  scattered  along  the  sandy  bottoms  of  the  Chowan  river,  and 
occupy  small  bays  in  Jones  and  Bladen  counties,  and  the  shallow 
flats  bordering  the  clear- water  streams,  in  Bladen,  Cumberland,, 
Richmond,*  Harnett  and  Moore  counties.  On  the  State's  northern 
border  white  cedar  occurs  at  an  altitude  of  100  feet  above  sea 
level;  in  Moore  and  Richmond  counties,  at  twice  that  elevation. 
Its  further  distribution  to  the  westward  is  checked  by  unfavorable 
soil-conditions.  The  total  area  of  white  cedar  swamp  does  not 
exceed  200,000  acres. 

The  white  cedar  is  confined  to  sandy  or  peaty  soils.  In  the 
maritime  counties  it  occnrs  chiefly  on  peaty  soils,  often  underlaid 
by  marls:  in  the  more  inland  and  southern  counties  it  is  found 
along  the  sandy  beds  of  small  streams  or  the  contiguous  sandy 
flats  subject  to  frequent  overflow*  or  it  occupies  small  depressions 
in  the  sandy  soils  of  the  long-leaf  pine  forests  forming  the  juniper 
bays.     It  shuns  the  heavy  alluvial  soils. 

CONDITION  OF  UNLUMBERED  WHITE  CEDAR  SWAMPS. 

On  the  peaty  soils  of  the  best  character,  especially  where  lying 
above  beds  of  loam  or  marl,  white  cedar  is  associated  with  yellow 
poplar,  the  gums  and  bays,  wherever  the  amount  of  moisture  and 
the  undecomposed  organic  constituents  become  too  great  for  the 
growth  of  the  oaks.  On  somewhat  better  soils  it  forms  dense 
clumps  of  nearly  pure  growth  where  openings  occur  in  the  cover 
of  the  dominant  story  of  yellow  poplars  and  gums.  In  the  depres- 
sions in  the  pine  barren  sections  in  the  white  cedar  or  juniper 
bays  it  constitutes,  with  the  white  bay  and  the  red  bay,  the  greater 
portion  of  the  growth,  forming  a  dense  wood  60  to  70  feet  in 
height,  the  crowns  of  the  trees  closely  interlocking  above,  their 
trunks  thick,  straight  and  slender  ;  beneath  them,  and  in  their 
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deep  shade,  are  almost  impenetrable  thickets  of  young  trees  and 
shrubs.  The  forest  floor  is  a  thick  humus  or  is  deeply  bedded  in 
sphagnum.  On  the  sandy  flats  bordering  the  streams,  trees  of 
white  cedar  occur  scattered  in  a  rather  open  growth  of  small 
glims  and  bays,  and  reach  a  height  of  30  to  50  feet  and  a  diameter 
of  15  to  ^2i)  inches;  the  humus  is  thin  and  the  undergrowth 
thickets  of  small  bushes. 

In  most  localities  the  cedar  swamps  have  been  exploited,  or  the 
removal  of  the  cedar  is  now  in  progress.  Except  where  yellow 
poplar  forms  a  portion  of  the  wood,  the  white  cedar  is  the  only 
valuable  tree,  and  it  alone  has  been  removed,  all  specimens  usually 
being  removed  that  have  a  greater  diameter  than  8  inches  at  the 
stump-  Where  the  greater  part  of  trees  are  cedar,  the  cutting  is 
nearly  clean,  and  the  few  small  trees  that  are  left,  having  very 
slender  stems,  are  snapped  off*  by  the  first  severe  storm  ;  where 
there  are  more  broad-leaf  trees  present,  these  aftord  protection  to 
the  young  growing-stock  too  small  to  cut.  The  bays  and  gums 
that  are  left  make  rapid  growth  after  lumbering,  aud  for  some  time 
retain  undisputed  possession  ;  the  extremely  small  white  ce<lar 
seedlings  beneath  them,  although  at  first  making  slow  growth  in 
the  shade,  finally  re-assert  themselves,  make  rapid  height-growth 
and  break  through  the  cover  above  them,  and  struggle  with  the 
broad-leaf  species  for  the  light.  If  the  swamps  are  burned,  as  is 
frequently  the  caseafter  lumbering,and  the  burning  is  not  so  deeply 
in  the  soil  a^  to  injure  the  roots  of  the  broad-leaf  trees,  they  will 
sprout  vigorously  from  stool  and  root ;  the  fire-tender  white  cedar, 
however,  will  be  entirely  destroyed,  and  only  after  a  great  many 
years  will  it  again  be  introduced  by  wind-sown  seed.  If  the  soil 
is  peaty,  and  is  very  deeply  burned,  its  ability  for  supporting  a 
growth  of  white  cedar  may  be  entirely  ruined. 

Only  a  small  proportion  of  the  area  of  the  cedar  swamps  has 
been  deforested  for  agricultural  uses,  such  areas  being  the  best 
drained  of  the  peaty  soils  with  yellow  poplar  as  a  part  of  the 
growth,  and  such  cleared  lands  lie  chiefly  in  Dare  and  Pamlico 
counties  and  those  counties  which  penetrate  the  Dismal  Swamp. 
Agriculturally  these  lands  are  among  the  most  productive  in  the 
State.  A  few  other  areas  may  in  time  be  drained  and  reduced  to 
12 
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tillage,  but  most  of  tliesoil,  both  wlierc  peaty  and  sandy,  is  nnsnited 
for  agrienltural  purposes,  and  the  permanency  of  the  growth  of 
white  cedar  on  it  should  be  accepted  as  an  assured  fact  and  pro- 
tection and  management  bestowed  on  it  accordingly. 

Fires,  in  dry  seasons,  when  the  peaty  soil  or  deep  hu^nus 
becomes  thoroughly  dry,  sometimes  spread  from  the  pine  lands,  or 
from  farms,  to  the  white  cedar  swamps  and  inflict  severe  damage, 
destroying  not  only  the  young  growth,  but  much  of  the  old,  and 
burning  up  the  soil  as  well. 

Extensive  areas  of  unlumbered  forests  still  exist  in  Dare  and 
Tyrrell  counties,  and  smaller  in  Gates,  Jones,  and  lirunswick. 
Smaller  bodies  occur  in  Bladen,  Cumberland,  and  Harnett  counties, 
from  which  the  largest  specimens  have  been  culled  for  telegrai>h 
and  light  posts. 

TREATMENT  OF  WHITE  CEDAR  SWAMPS- 

The  white  cedar  is  one  of  the  most  valuable  trees  growing  in 
the  coastal  plain  region.  The  demand  for  its  timber,  on  account 
of  its  lightness  and  resistance  to  decay  on  exposure  to  moisture,  is 
far  in  excess  of  the  supply.  Though  exacting  in  regard  to  soil, 
its  ]>references  are  for  such  lands  as  are  unsuited  for  agricultural 
uses.  Its  sylvicnltural  treatmtMit  is  beset  with  no  ditiiculties,  and 
its  rapid  growth  ofleis  inducements  o\'  early  returns  to  whoever 
produces  it.  Where  culling  can  be  practiced,  and  only  the  largest 
stocks  removed,  the  largest  yields  of  timber  are  secured,  since  the 
young  trees  which  are  too  small  for  use  can  continue  their  growth 
uninterrupted,  sheltrjred  by  s]>ecinHM)s  with  firu)  trunks  which  cati 
protect  them  fr<»m  the  wind.  In  only  a  few  places,  however,  will 
economic  considerations  permit  this,  as  the  cost  of  cutting  road- 
ways, laying  tratns  and  making  sound  road-beds,  which  has  to  be 
undertaken  to  remove  this  timber,  is  so  great  that  the  cutting  to 
the  smallest  size  that  can  be  utilized  is  often  justifiable. 

Where  the  soil  is  sutficiently  wet,  not  so  much  shade  is 
demanded  by  the  very  young  plant  to  protect  it  from  the  sun; 
where  drier,  more  shade  is  necessary. 

As  seed-bearing  years  are  frequent,  and  the  light,  slightly  winged 
seed  are  borne  in  abundance,  modified  forms  of  clean  cutting  can 
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be  carried  on  which  will  allow  regeneration  beneath  the  shade  of 
the  parent  trees.  xVfter  the  laying  out  of  the  system  of  roads,  a 
preparatory  cutting  can  be  made  in  which  most  of  the  larger 
specimens  can  be  removed,  being  selected  as  uniformly  as  possible 
80  as  to  distribute  the  light  below  evenly.  Then  two,  three  or 
four  years  later  all  of  the  remaining  trees  which  can  possibly  be 
utilized  can  be  removed,  waiting  though  until  after  there  has  been 
a  sufficiently  large  yield  of  seed  to  produce  a  thick  stand  of  seed- 
lin(;s  in  the  light  shade  caused  by  the  breaking  of  the  cover  of 
old  trees.  The  young  seedlings  the  second  year  after  they  have 
sprouted  will  be  able  to  endure  full  sunlight. 

There  is  no  doubt  but  that  the  area  of  white  cedar  growth  can 
be  much  extended  by  introducing  it  artificially  in  localities  which 
have  a  suitable  soil,  but  have  a  growth  of  bays  and  large  gums, 
which  by  their  somewhat  superior  growth  have  naturally  been 
able  to  exclude  the  white  cedar.  The  proportion  of  it  can  also 
be  increased  in  situations  where  it  already  grows  by  removing 
competing  species, — bays  and  gums,  and  permitting  the  cedar  by 
natural  seedings  to  take  their  place. 

Artificial  propagation  must  be  by  seed,  and  as  has  been  sug- 
.irested,  must  be  carried  on  in  the  sha  le  of  some  other  tree  to  protect 
the  young  seedliufi:  from  too  rapid  evaporation  during  the  first 
«^uinmer  and  autumn  while  the  root-system  is  as  yet  comparatively 
undeveloped,  shallow,  and  insufficient  to  supply  water  as  rapidly 
as  it  passed  off  by  transpiration.  The  seed,  which  are  borne  in 
t^uiall  l>erry-like  cones,  are  very  small  and  slightly  winged.  The 
'•ones  should  be  gathered  in  the  early  autumn,  before  they  have 
opened  or  fallen,  and  while  the  seed  are  yet  in  them,  kept 
through  the  winter  in  a  place  where  they  will  not  dry  out,  and 
planted  the  next  spring  by  sowing  bn>adcast  beneath  the  trees 
that  are  to  serve  as  protection  to  the  young  plants. 

THE    POJ^U    PINE    POC08IN8. 

These,  as  the  name  implies,  have  the  pond  pine  as  the  distinc- 
tive growth.  With  it  are  the  white  bay,  red  bay,  and  loblolly 
bay,  and  less  frequently  small  black  gums  and  loblolly  pines. 

During  certain  seasons  of  the  year  these  pocosins  are  swamps 
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or  semi-swamps.  When  they  occupy  the  summits  of  the  divides 
between  watersheds,  as  is  the  case  with  some  of  the  largest,  they 
are  poorly  drained  and  often  wet.  They  include  two  classes: 
(1)  Those  having  a  primarily  pauperized  soil  of  coarse  sand,  or 
of  finer  sand,  silty,  and  more  compact.  (2)  Those  having  an 
impervious  stratum  of  clay,  silt  or  hard-pan  underlying  the  top- 
soil  and  preventing  percolation  of  the  water  to  underground 
streams  or  its  exit  by  subsoil  drainage.  The  latter  may  have 
soil  rich  in  nutritive  elements  though  eminently  unproductive. 
During  winter  and  spring  such  soils  are  saturated  ;  during  sum- 
mer and  autumn,  from  inability  of  subsoil  moisture  to  rise  to  the 
surface  through  the  impervious  layer,  they  are  exceedingly  dry. 

The  largest  areas  of  such  swamp  lie  in  Bladen,  Craven,  Jones, 
Pamlico,  Tyrrell  and  Washington  counties  ;  while  a  considerable 
portion  of  the  Dismal  Swaii^p,  in  the  northeastern  corner  of  the 
State,  has  a  soil  and  growth  of  this  character. 

The  forest,  even  in  the  best  condition,  is  exceedingly  open  and 
thin,  there  being  an  irregular  growth  of  pine  40  to  HO  feet  in 
height,  the  mature  trees  averaging  about  14  inches  in  diameter, 
and  a  denser  underwood  of  small  white  bay,  red  bay  and  loblolly 
bay,  almost  impenetrable  on  account  of  the  thicket  of  the  gall- 
berry,  huckleberry,  and  species  of  Andromeda  and  similar  shrubs 
beneath  them.  Where  the  soil  is  of  better  quality,  either  more 
fertile,  or  because  the  impenetrable  substratum  is  deeper  beneath 
the  surface,  there  is  more  pine,  often  a  considerable  part  of  it  being 
loblolly,  and  the  underwood  is  less  dense.  Where  the  soil  is  least 
fertile  there  is  least  pine  and  a  denser  thicket  of  shrubs. 

Next  to  the  long-leaf  pine  the  pond  pine  is  less  exacting  in 
regard  to  fertility  of  soil  than  the  other  pines,  growing,  in  many 
places,  on  the  soils  which  if  dry  the  long-leaf  pine  would  occupy. 
The  young  plants  of  the  pond  pine  will  endure  a  considerable 
shade  for  many  years.  When  .young  specimens  are  accidentally 
broken,  eaten  off  by  cattle,  or  top-killed  by  fire,  they  sprout 
freely.  During  dry  seasons  conflagrations  sometimes  consume 
the  shrubby  underwood,  destroying  much  of  the  timber.  When 
the  pines  are  thus  burned  out,  the  white  bay  puts  forth  abundant 
suckers,  forming  dense  thickets,  and  the  red  bay  numerous  shoots  ; 
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the  pine,  however,  in  time  returns.  Although  seed-years  are  fre- 
quent, the  crop  is*  usually  small.  The  cones  remain  attached  to 
the  limbs  for  a  long  period,  often  retaining  the  seed  for  several 
seasons.  The  seed  retains  its  germinative  powers  for  many  years 
and  may  sprout  the  spring  of  the  first  or  second  season  after  fall- 
ini^  to  the  ground.  As  the  trees  do  not  grow  in  thick  stands,  they 
tail  to  clear  their  stocks  until  of  a  large  size.  Through  the  dead 
branches  and  knot-holes  many  rot-causing  fungi  find  entrance. 
Many  large  trees  are  unsound  from  this  cause. 

This  pine  produces  very  little  merchantable  timber,  though  if 
fires  are  kept  from  destroying  them  the  yield  would  not  only  be 
larger  but  of  a  better  quality.  In  a  few  limited  districts  a  con- 
siderable part  of  the  saw-logs  are  from  this  species.  It  is  chiefly 
of  importance  on  account  of  the  large  areas  in  the  State  on  which 
it  occurs  as  the  only  timber  tree. 

FORESTS    OF  THE  PIEDMONT  PLATEAU  REGION. 

The  diff'erences  in  the  character  of  the  forests  of  the  Piedmont 
plateau  region  are  the  results  of  the  influence  of  variations  in 
the  <|nality  of  the  soils,  and  in  the  altitude  of  the  surface 
above  the  sea  level.  The  precipitation  is  nearly  the  same 
in  all  sections  of  the  region,  and  there  is  very  little  differ- 
ence in  the  relative  humidity  between  even  extreme  localities 
within  its  limits;  so  these  factors  exert  only  unimportant  influ- 
ence. The  variations  in  elevation,  too,  are  so  gradual  through- 
out the  greater  part  of  the  region  as  to  aflfect  only  slightly 
the  composition  of  the  forest,  except  when  those  of  extreme 
distances  are  compared  ;  but  on  the  southeastern  border,  on  the 
abrupt  rise  marking  the  transition  to  this  region  from  the  coastal 
plain,  these  forests  contain  certain  species  which  are  representa- 
tive of  the  latter  region,  the  distribution  of  some  trees  extending 
even  much  further  to  the  westward  ;  while  other  species  charac- 
teristic of  the  sylva  of  the  higher  mountains  penetrate  from  the 
northwest  far  to  the  eastward,  but  usually  occur  only  around  the 
>pnrs  of  the  Blue  Ridge  or  the  isolated  peaks  situated  beyond  them 
in  the  Piedmont  plateau.     The  forests  of  the  eastern  lowlands  of 
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the  Piedmont  plateau  contain  the  greater  number  of  species  that 
are  representative  of  the  sylva  of  the  coastal  plain. 

The  distribution  of  the  economic  forests,  however,  is  deter- 
mined larii:ely  by  the  character  of  the  soils. 

-The  forests  of  the  lowlands  are  of  relatively  small  extent  and 
importance;  while  those  of  the  uplands  are  extensive  and  yield 
nearly  all  the  timber  suitable  for  construction. 

THE  FORESTS  OP  THE  PIEDMONT  LOWLANDS. 

The  lowlands  of  the  Piedmont  jdateau  region  instead  «f  embrac- 
ing broad  swamps  are  coniincd  to  narrow  borders  of  sedimentary 
origin  along  the  streams.  Their  forest  growth  is  composed 
entirely  of  broad-leaf  species  except  in  the  eastern  border  coun- 
ties, where  occassional  loblolly  pines  are  found  mixed  with  the 
hardwoods. 

The  lowland  forests  may  be  divided  into  (1)  those  in  the  lu»l- 
lows  and  bordering  the  smaller  streams,  where  the  soils  are  sandy 
loams  containing  a  large  proportion  of  organic  constituents  :  and 
(2)  those  contiguous  to  the  larger  and  more  slo^vly  flowing  streams* 
which  are  bordered  by  flats  having  silty  soils,  containing  more 
clayey  ingredients  nnd  less  vegetable  matter  than  those  of  the  bot- 
toms of  the  smaller  streams.  These  two  classes  of  forests  and 
soils-,  sharply  deflned  where  a  small  stream  flows  into  a  large  one. 
gradually  pass  the  one  into  the  other  in  ascending  the  rivers. 

The  changes  iti  the  character  of  the  growth  along  the  larger 
streams  take  place  gradtially  as  the  changes  in  the  composition  of 
the  soils,  there  being  usually,  no  abrupt  transition  in  the  kind  of 
growth  of  different  portions  of  the  some  swamp,  as  occurs  in  the 
swamps  of  the  coastal  plain  regioti.  Many  species,  abundant 
along  the  lower  edge  of  the  region,  the  southeastern,  become  less 
frequent  as  the  streams  are  ascended  ;  others,  less  common  to  the 
eastward,  increase  in  number  as  the  soils  become  more  loamy  and 
the  Blue  Ridge  is  approached. 

The  loamy  alluvial  lands  contiguous  to  the  smaller  streams 
have  in  all  parts  of  the  region  very  nearly  the  same  kind  of  growtli: 
beech,  red  oak,  and  white  oak,  ma)>les  and  yellow  poplar,  while 
with   these  are  associated  many  smaller  trees:   the  hop  h(»rnbeam. 
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umbrella-tree  and  dogwood,  which  soinetimea  are  sufficiently 
iinnieroiiB  beneath  the  deep  shade  of  the  more  lofty  trees  to 
form  a  thin  underwood.  As  these  soils,  however,  become  at  all 
silty  the  sweet  gum  and  black  gum,  overcup  and  swamp  chestnut 
oaks,  and  other  trees  which  are  more  representative  of  the  forests 
along  the  larger  streams  gradually  become  conspicuous:  sup- 
planting first  the  beech  and  red  oak,  then  the  white  ojik  and 
yellow  poplar,  and  finally  entirely  taking  their  place. 

The  body  of  the  forest  on  the  silty  or  mud  alluvium  of  the 
larger  streams  is  generally  formed  of  sweet  gum  and  black  gum, 
l)itternut,  overcup  oak  and  swamp  chestnut  oak,  sycaujore  and 
hackberry.  Of  these  trees  the  black  gum,  bitternut  and  syca- 
more are  uniformly  distributed  throughout,  although  nowhere 
abundatit  or  forminii:  a  conspicuously  large  portion  of  the 
^Towtli  ;  they  extend  beyond  the  confines  of  the  Pie<hnont 
plateau  and  e»iter  into  the  composition  of  the  foresti  of  the  moun- 
tain region.  The  elms,  hackberry,  and  sweet  gum,  on  the  other 
hand,  become  smaller  in  size  and  less  frequent  to  the  westward, 
until  on  the  table-land  west  of  the  Blue  Ridge  they  become  rare 
trees,  occurrinijc  only  in  the  basin  of  the  French  Hroad  river  and 
along  the  larger  streams  to  its  southward.  The  overcui*  oak  is 
found  westward  but  little  beyond  the  limits  of  the  loblolly  pine  in 
Granville  county,  but  in  Anson  county  it  makes  a  broad  sweep  to 
the  wist,  and  extends  up  the  valley  of  the  Yadkin  riv«  r,  as  far 
as  the  eastern  parts  of  Davie  and  the  southern  portions  of  Yadkin 
^•ounties;  while  the  swamp  chestnut  oak  extends  west  to  the  Hroad 
river  in  Cleveland  county  and  north  to  Granville  and  Davie.  To  the 
eastward  it  is  the  red  maple  which  is  the  characteristic  maple, 
while  the  sugar  maple  occurs  with  it  in  cooler  places  as  the  alti- 
tude increases,  extending  down  to  about  500  feet  above  the  sea 
level.  With  these  trees  in  the  eastern  border  counties  occurs  the 
loblolly  pine;  and  very  often  as  far  to  the  west  as  Lincoln  county 
the  water  and  willow  oaks  are  found  ;  less  frequently  the  Texas 
red  oak,  and  in  a  few  places  the  big  shagl)ark  hickory.  On  the 
extensive  flats  of  the  Neuse  and  its  tributaries,  and  on  other 
streams  in  this  i)ortion  of  the  State,  though  to  a  less  extent,  the 
i^hagbark     hickory   becomes    one   of    the   most    conspicuous     and 
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abundant  trees,  while   with   it  in  a  few  localities  is   found   the 
small  shagbark. 

Beneath  the  taller  trees,  no  matter  what  kind,  especially  where 
the  cover  is  somewhat  open,  are  the  hornbeam  with  the  thorns  and 
haws,  and  often  papaw. 

To  the  eastward  a  few  broad  flats  occur,  the  soils  of  which 
remain  moist  or  even  wet,  but  are  rarely  inundated,  and  these 
are  covered  with  a  growth  of  water  oak,  overcup  oak  and  willow 
oak,  and  fringed  with  white  and  black  oaks.  The  broad  flats  of 
Little  river  in  Union,  Stanly  and  Anson  counties,  and  those 
along  some  other  streams  in  the  same  section  of  the  State,  are  of 
this  description. 

All  open  banks  where  there  is  full  sunlight  are  lined  with  river 
birch  and  black  willow ;  and  some  flats  wiiich  are  subject  to 
frequent  and  periodic  overflow  are  covered  with  compact  groves 
of  willow  or  birch  ;  or  if  the  inundation  is  more  prolonged,  and 
this  is  particulkrly  apt  to  be  the  case  eastward,  with  thickets  of 
small  ash  and  elm. 

Besides  these  lowlands  may  be  added  the  mud  or  clay  deposits 
in  depressions  on  the  crests  of  ridges,  usually  found  in  sections 
where  the  soils  are  shallow,  often  where  slates  are  the  country 
rock.  They  are  very  wet  during  rainy  weather,  and  for  some  time 
afterwards,  as  there  is  little  subsoil  drainage  ;  but  during  the  sum- 
mer and  autumn  become  exceedingly  dry.  The  growth  on  such 
deposits  is  usually  entirely  of  willow  oak,  black-jack  oak  and  more 
or  less  ))0st  oak. 

Many  of  these  bottoms  with  a  loamy  soil,  particularly  where  the 
growth  was  the  white  oak  and  poplar,  representi^ig  some  of  the 
most  fertile  land,  have  been  cleared.  Some,  however,  after  being 
cleared,  have  been  found  untenable  on  account  of  the  overflow- 
ing, and  have  been  finally  abandoned.  Such  lands  are  usually 
covered  quickly  by  heavy  thickets  ot  birch,  sycamore  and  elm, 
while  maples  and  gums,  whose  seedlings  grow  well  in  a  shade, 
soon  a]ipear  beneath  tliem. 

Where  lumbering  has  been  going  on  along  these  bottoms  or 
staves  gotten  out,  the  debris,  which  is  carried  off"  by  the  streams, 
often  collects  at  shallow  points  so  as  to  block  the  channel  of  the 
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fitream,  and  back  the  water  for  some  distance  above,  killing  most 
of  the  mature  trees  which  may  be  on  the  adjoining  bottom,  as  well 
as  a  greater  part  of  the  young  growth,  by  flooding  their. roots. 
Dense  and  fast-growing  thickets  of  elm  and  ash,  and  rarely  black 
guin,  appear  in  such  places,  and  continue  unmixed  until  the  bed 
of  the  swamp  is  sufficiently  raised  to  allow  other  trees  to  grow. 

The  oaks  on  all  of  these  bottoms  show  very  little  young  growth, 
if  the  water  oak  to  the  eastward  and  the  swamp  chestnut  oak  in 
some  localities  be  excepted.  Where  oaks  and  other  trees  have 
been  culled,  chiefly  maples  and  sweet  gums  have  taken  their 
places,  so  that  the  promise  of  the  bottom  lands  for  the  future  is 
not  bountiful,  nor  do  they  now  contain  any  large  supply  of  mer- 
chantable timber. 

IMPROVEMENT  OF  THE  FORESTS  OF  THE  LOWLANDS. 

The  forests  of  the  bottom  lands  have  in  nearly  every  instance 
been  excessively  damaged  by  constant  pasturage.  The  white  oaks 
have  in  consequence  not  re])roduced  as  abundantly  as  other 
species  whose  foliage  and  seed  are  not  so  largely  interfered  with 
by  stock.  To  the  eastward  and  along  the  stifi^er-soiled  bottoms 
the  overcuj)  oak  and  swamp  chestnut  oak  are  the  most  worthy  of 
extensive  reproduction  ;  to  the  westward  and  along  the  smallei 
streams  where  the  soils  are  more  loamy  the  white  oak  is  more 
desirable.  Protection  must  be  accorded  these  in  same  way  as  was 
indicated  in  the  case  of  the  oak  flats  of  the  coastal  plain  region, 
and  regeneration  should  be  secured  in  the  same  way. 

Abandoned  fields  and  closely  culled  spaces  on  the  wetter  soils 
of  the  bottom  lands  are  quickly  sown  in  a  mixed  growth  of  light- 
seeded  trees,  chiefly  birches,  willows  and  sycamore,  and  among 
them  soon  appear  ash  and  elms  and  other  species  demanding  a 
light  shade. 

Sometimes,  especially  along  fence  rows,  black  walnuts  appear, 
and  these  are  worthy  of  protection.  In  open  or  thin  places  in 
the  woods,  on  the  drier  bottoms,  this  tree  could  well  be  exten- 
sively introduced  artificially.  In  the  western  and  northern  part 
of  the  Piedmont  plateau  it  will   reach  a  large  size,  but  as  with 
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Other  broad  leaf  trees,  it   must  be  kept  in   a  thick  stand  until  the^ 
height  growth  has  been  nearly  completed  to  setMiie  clean  stems. 

FORESTS  OF  THE  PIEDMONT  UPLANDS. 

The  upland  torests  of  the  Piedmont  plateau  region  are  of  l)road- 
leaf  spe.'ies  and  pine,  or  of  belts  of  broad- leaf  trees  with  pine 
alternating  with  belts  of  broad-leaf  trees  without  pine,  there 
being  no  area-^  in  tl>e  original  forest,  if  some  shallow  granitic  soiU 
be  possible  exce|>tioi)P,  which  pr«)dtice  a  |>ure  growth  of  either  a 
broad-leaf  or  coniferous  tree. 

The  sequerjce  of  belts,  with  and  without  pin(»,  continues 
unchanged  in  this  State  to  the  n'>rthwestward  as  far  as  the  east- 
ern boundary  of  the  mountain  region  in  Snrry,  Wilkes,  Caldwell, 
and  Burke  (M»unties;  and  to  the  southwest,  crossing  the  Blue 
liidge,  and  with  the  difference  betweeji  the  pine  and  no-pine  be]t& 
more  accentuated  from  the  effect  of  elevation,  occurs  to  northern' 
(leorgia  and  eastern  Tennessee. 

This  succession  of  forest  belts,  or  the  presence  or  absence  of 
pine  in  the  woods,  de[)en(ls  oji  the  variations  in  the  character  of 
the  soil,  as  to  texture,  as  wed  I  as  in  mineral  constituents,  and' 
drninage.  The  belts  of  soil,  following  or  coinx^iding  with  the 
geological  terraines,  lie,  in  general,  northeast  and  southwest 
riMirses,  tliough  the  interposition  of  dykes,  particularly  granite 
dykes,  to  the  ejistward,  has  produced  more  limited  belts  lying  at 
various  angles  to  the^e  ;  and  not  infrecjuently  this  occurs  when  the 
order  of  the  rock  strata  has  been  interrupted  by  the  mere  change 
in  the  direction  of  the  outcrop.  While  in  the  original  forest  the 
areas  of  dissimilar  growth  are  coextensive  with  certain  classes  of 
soils,  and  thesaiu'-  is  more  or  less  true  of  the  aftergrowth  in  culledj 
and  coppiifed  woodland,  in  the  great  body  of  second  growth  seed- 
ling woods  the  effects  of  these  differences  in  soil  are  largely/ 
ol)scured  or  altogether  lost. 

The  most  radical  change  which  is  taking  place  in  the  great  IkkIv 
of  the  woodland  is  the  change  of  growth  frotn  p.'ne  and  mixed 
hardwoods  to  pure  pine,  by  abandoned  fields  being  seeded  in  pine, 
the  place  of  these  fields  being  supplied  for  agricultural  purposes 
bv  farther  encroachment  on   the  hardwor)d  areas.      But  where  the- 
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relative  proportion  of  the  pure  pine  growth  is  already  large,  it  is 
more  desirable  to  reclear  tliese  old  fields,  on  account  of  the  ease  with 
which  these  pine  lands  are  made  tillable,  from  the  great  absence 
of  lateral  roots  in  the  pine  growth  and  the  quickness  with  which 
the  stumps  and  roots  decay  in  the  sap  trees,  if  cut  in  the  spring 
when  the  beetles  attack  them,  and  the  presence  of  the  sap  invites 
fungus  diseases. 

The  body  of  the  upland  forest  is  composed  of  oaks  with  more  or 
less  hirkory,  and  in  places  with  short-leaf  pine  scattered  among 
them.  Other  trees  of  industrial  impr)rtance  enter  but  slightly 
into  their  composition.  This  is  the  composition  of  the  original 
forests  as  they  now  stand.  The  second  growth,  on  the  other  hand, 
wliich  in  local  cases  is  an  exceedingly  important  element  in  the 
woodland,  has  pine  for  ihf  forest  \>ody  generally,  and  hardwoods 
as  subordinate. 

SOILS    OF    THE    PIEDMONT     UPLANDS. 

The  soils  of  these  counties,  unlike  those  of  the  coastal  plain 
region,  are  very  largely  primary  ;  or  at  least  are  not  secondary  in 
the  sense  of  the  transported  drifts  of  the  sands  and  loams  of  the 
uplands  and  the  alluvial  deposits  of  the  lowlands  of  the  east,  but 
are  derived  from  the  decay  of  rock  or  rock  forming  material  hi 
Htii.  This  material  generally  forms  the  subsoil,  which  is  covered 
superficialh ,  to  a  depth  of  three  to  eighteen  inches,  by  a  top-soil, 
ditferen tinted  by  natural  elutriation  ot  the  finer,  more  adhesive  or 
elayey  parts,  so  as  to  be  coarser  in  texture  and  not  so  >titi'  or 
brightly  colored  as  the  subsoil.  This  top-soil,  unless  its  de|)th  is 
ten  inches  or  over,  has  very  little  infiuence  on  the  kind  of  tree 
growth. 

(JEN ERA L    CONDITION    OF    THE    FOREST. 

The  woodlanti  |»resents  a  general  view  of  wi"le  stretches  of  for- 
est of  broad-leaf  trees,  usually  with  irregular  and  broken  cover,  in 
places  much  culled,  and  with  no  undergrowth  where  pastured, 
and  young  pines  or  cedar  appearing  at  intervals  through  them. 
This  broad  leaf  woodland  alternates  with  small  groves  of  pine, 
usually  rather  open   or  thinly  stocked,  the   pine  being  the  short- 
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leaf  and  scrub  pine;  or  sometimes  red  cedar  replaces  it,  or  there 
are  mixtures  of  these  trees.  The  groves  of  pine  or  cedar  are  a 
youn^  growth  which  has  spontaneously  appeared  in  abandoned 
fields.  In  the  neighborhood  of  the  towns  the  groves  of  pine  are 
of  greater  extent,  and  the  younger  groves  which  are  appearing 
are  more  compact,  the  older  trees  furnishing  abundant  seed;  the 
broad-leaf  wood  is  more  restricted  in  extent  and  often  largely 
formed  of  coppice  shoots,  among  which  many  seedling  pines 
appear  when  old  pines  are  within  seeding  distance. 

The  original  forest  lands  may  be  separated  into  three  parallel 
belts,  neglecting  for  the  present  the  numerous  local  variations  : 
(1)  a  more  eastern  with  soils  from  slates,  sandstone  and  gneiss 
and  forests  with  a  large  proportion  of  pine,  the  eastern  pine  helt 
'  of  the  Piedmont  plateau  ;  (2)  a  middle  belt  with  deep  loamy  soils 
mostly  from  granitic  rocks  and  supporting  hardwood  forests  of 
the  first  quality,  with  only  small  percentage  of  pine  or  none,  the 
broad-leaf  forest  helt  of  the  Piedmont  plateau  :  and  (3)  the  exten- 
sive areas  of  gneissic  soils  to  the  westward  with  smaller-sized 
hardwoods  and  more  pine,  the  vjestern  pine  belt  of  the  Piedmont 
plateau, 

THE  EASTERN  PINE  BELT  OF  THE  PIEDMONT  PLATEAU. 

The  forest  belt  lying  to  the  eastward  with  the  woods  composed 
of  broad-leaf  trees  and  pine  can  be  separated  into  three  divisions 
which  diff'er  essentially  in  the  proportion  of  pine  in  their  compo- 
sition and  the  ability  of  the  soil  to  sustain  a  hardwood  growth 
of  broad-leaf  trees.     There  is  : 

(1)  A  more  easterly  division  in  extent  nearly  coinciding  with 
the  geological  terraine  of  gneisses  and  granites,  the  forests  of 
which  are  formed  of  both  the  loblolly  and  short-leaf  pines 
with  medium-sized  broad-leaf  trees.  This  is  described  under  the 
name  of  tlio  forests  of  the  eastern  grafiite  areas. 

(2)  A  division  abutting  the  above  on  the  west,  and  nearly 
including  the  Juratriassic  red  sandstone  formation  of  the  geolo- 
gists, the  original  forests  of  which  contain  a  large  proportion  of 
short-leaf  pine,  with  small-sized  broad-leaf  trees,  and  a  large  extent 
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of  yonng  pine,  both  the  short-leaf  and  loblolly,  in  pure  growth, 
forests  of  the  eastern  red  sandstone, 

(3)  A  southeastern  division  with  soils  from  slates,  for  the  most 
part  rather  shallow,  supporting  forests  of  short-leaf  pine  and 
small  broad-leaf  trees,  with  only  a  small  area  of  young  pine  in 
pure  growth.  This  will  be  called  the  forests  of  the  slates.  This 
does  not  include  the  entire  eastern  slate  area,  but  chiefly  that  in 
the  more  southeastern  counties*  of  that  belt,  the  general  limits 
of  which  will  be  given  in  describing  this  head. 

Such  differentiation,  it  must  be  understood,  is  merely  for  the 
simplicification  of  description  ;  further  division  might  well  be 
made,  but  these  show  fairly  well,  being  natural  divisions,  the 
most  evident  differences  existing  in  the  forests  and  the  intimate 
relation  existing  between  them  and  the  soils. 

THE    FORESTS    OF    THE    EASTERN    GRANITE    AREAS. 

The  northeastern  counties  of  the  Piedmont  plateau  region, 
Franklin,  Warren,  Vance,  and  the  northern  and  central  parts  of 
Wake,  with  rolling  surface,  hkve  generally  grayish  and  loose  top- 
soils,  frequently  gravelly,  especially  along  ridges,  from  the  detritus 
from  numerous  quartz  veins,  and  red  or  reddish  subsoils,  deep, 
fresh  or  moist  along  hillsides,  but  often  coarse-grained  and  porous. 

The  body  of  the  forests  is  formed  of  post  oak,  black  oak,  white 
oak  and  Spanish  oak,  with  a  considerable  intermixture  of  white, 
small-nut  and  pignut  hickories,  and,  in  most  places,  short-leaf 
pine.  The  larger  forest  pines  have,  however,  been  largely 
removed.  Along  the  hollows  and  cooler  slopes,  mixed  with  the 
white  and  black  oaks,  are  the  northern  red  oak  and  yellow  poplar, 
yielding  a  low  grade  of  lumber,  red  maple  and  some  ash  ;  along 
the  drier  crests  there  is  more  post  oak  and  often  an  increasing 
proportion  of  black-jack  oak. 

The  woods  around  many  of  the  towns,  periodically  cut  over  or 
heavily  culled  for  fuel,  are  rapidly  deteriorating  into  mere  post 
oak  and  black-jack  oak  coppice,  with,  if  fires  are  excluded  and 
there  are  seed-bearing  pines  near  by,  an  ever-increasing  propor- 
tion of  the  short-leaf  pine. 

♦  Largely  the  Monroe  slates.    See  BuU.  8,  N.  C.  Geological  Survey,  189tt,  p.  86. 
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While  the  greater  portion  of  the  original  growth  of  short-leaf 
pine  has  been  removed,  there  are  now  large  areas  of  wood,  either 
in  a  pure  stand  of  short-leaf  pine,  or  that  species  mixed  with 
the  loblolly  pine,  especially  on  the  lower  or  moister  lands;  and 
these  areas  contain  a  considerable  amount  of  merchantable  tim- 
ber, though  usually  of  a  small  size  and  yielding  only  sap  lumber. 
The  re-growth  pine  is  usually  at  its  best  when  growing  on  hill- 
sides in  culled  woods  with  white  and  black  oaks,  where  rapid 
development  is  secured,  and  tall  and  straight  stocks  formed.  That 
which  has  colonized  old  fields  and  there  formed  a  pure  growth  is 
straight-stemmed  if  the  stand  is  sufficiently  thick  ;  but  the  fields, 
first  taken  in  thick  sod  of  tall  grasses,  are  usually  burnt  many 
times  while  the  trees  are  yet  small,  and  the  growth,  being  thus 
kept  thin,  continues  as  it  matures  open  and  scrubby,  while  the 
trees  have  short  boles.  Below  the  pine,  post  oak  and  small  hick- 
ories (especially  white  hickory)  appear,  and  where  the  soil  is  at 
all  moist  or  stiflf  the  dogwood  spreads. 

The  loblolly  pine  when  in  this  re-growth,  here  and  as  far  west- 
ward as  its  distribution  extend-*,  does  not  do  well  after  passing 
into  the  pole-stage,  it*  it  is  growing  on  dry,  sandy  or  gravelly 
uplands;  either  it  spreads  out,  and  becomes  short-stocked  and 
limby,  if  an  abundance  of  light  is  afforded,  or,  if  that  bo  denied, 
s(»on  dies  out. 

Although  the  woods  of  these  eastern  granite  areas  have  long 
been  culled,  they  are  still  yielding  much  merchantable  building 
material,  besides  fencing-timber,  railway  ties  (chiefly  from  the 
post  oak  and  white  oak)  and  large  amounts. of  fuel,  both  of  pine 
and  hardwoods. 

A  considerable  quantity  of  yellow  poplar  and  some  ash  is 
exported  frouj  these  areas  for  the  manufacture  of  pulp,  while  one 
local  paper  mill  employs  ash  for  this  use. 

There  are  several  sifiall  mills  sawing  the  second  growth  short- 
leaf  pine,  and  a  few  sawing  the  original  growih. 

TREATMENT  REQUIRED  BY  THE  FORESTS  OF  THE  EASTERN  GRANITE  AREAS. 

These  forests  are  in  most  places  capable  of  producing  oak  tim- 
ber of  considerable  size,  except  along  the  summits  of  the    hills. 
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where  the  dry  and  coarse  gravelly  soils  are  more  suited  for  pine 
than  the  larger  and  more  exacting  broad-leaf  trees.  Cattle  have 
for  a  number  of  years  been  excluded  from  the  greatest  portion  of 
the  woodland  in  a  considerable  part  of  this  area,  and  the  beneficial 
effects  of  this  is  evident  in  the  thicker  undergrowth.  The  black 
oaks,  particularly  the  black-jack  and  the  Spanish,  are  generally 
increasing  more  rapidly  than  the  white  oak,  and  do  not  seem  to 
be  dying  out  so  rapidly  as  in  counties  fartiier  west. 

The  very  large  areas  of  loblolly  pine  growth  in  old  fields  should 
be  favored  when  it  is  on  moist  soils  or  loose  loams:  but  on  all 
stiffer  or  drier  soils  that  of  the  short-leaf  pine  should  be  favored. 
Thinnings  might  advantageously  be  carried  out  for  each  of  these 
species,  as  will  be  described  further  on. 

Along  all  gravelly  ridges  mature  seed-bearing  pines  should  be 
preserved  as  seed-trees,  and  the  proportion  of  pine  in  the  small  oak 
growth  on  the  crests  increased  ;  on  the  more  fertile  soils  of  the 
slopes  and  along  th<»  borders  of  the  hollows  the  pines  reach  their 
largest  size,  but  the  competition  there  with  the  broad-haf  trees  is 
such  that  it  is  only  occasionally  that  a  pine  can  succeed  in  reach- 
ing maturity  if  it  spring  up  among  the  broad-leaf  trees. 

FORESTS    OF    THK    EASTERN    RED    SANDSTONE    BELT. 

Contiguous  on  the  southwest  to  the  granite  areas  in  (iranville 
and  Wake  counties  just  described,  and  extending  southward 
through  Durham,  the  eastern  parts  ofC'hatham,  Montgomery  and 
Anson  counties,  are  the  samly  loams  yielded  by  the  Jura-trias  red 
and  brown  sandstones.  This  belt  or  terrain  varie>  from  S  to  16 
miles  in  width,  and  though  its  surface  is  generally  undulating  it 
16  broken  and  rugged  only  in  the  few  places  where  sandstone 
ridges  o<-cur,  as  in  portions  of  Chatham,  Moore,  and  the  southern 
part  Anson  counties. 

The  soils  vary  from  loose  coarse-grained  sandy  loams  to  stift* 
fine-textured  loams,  the  latter  being  generally  confined  to  river 
bottoms.  They  are  usually  brown  or  gray  in  color,  with  charac- 
teristic brown,  purplish,  or  terra-cotta-colored,  stiflfer  subsoils; 
^iiduallv  deep,  but  in  spite  of  their  depth  ill-suited  for  tree  growth. 
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Under  denudation  they  wash  badly,  and  all   the  finer  and  more 
silty  soils  bake  in  drying. 

On  the  flatter  lands  the  forests  are  formed  of  small-sized  tree?. 
In  the  original  growth  there  is  us\ially  an  upper  dominant  story 
of  short-leaf  pine  from  50  to  70  feet  in  height,  WMth  an  underwood 
of  post  oak,  Spanish  oak,  black-jack  oak,  white  oak,  and  white 
hickory.  This  often  merges  into  post  oak  and  blackjack  oak 
flats;  or  where  the  soil  is  stiff'er  and  the  country  more  rugged 
better  oaks  are  to  be  found  along  the  slopes  and  in  the  hollows. 
The  original  growth  has  been  larafely  removed.     (Plate  XXII.) 

In  the  southern  portion  of  Granville,  the  southwestern  part  of 
Wake,  and  Durham,  and  the  eastern  part  of  Chatham  counties 
are  large  areas  ot  abandoned  agricultural  lands  under  cover  of  the 
short  leaf  and  loblolly  pines.  The  pine  may  be  seen  in  all  stages 
of  development,  though  in  one  grove  all  trees  are  about  the  same 
size.  The  loblolly  is  for  the  most  part  confined  to  the  lower  or 
flatter  lands,  the  short-leaf  to  the  better-drained  soils  and  those 
situated  at  a  distance  from  large  streams  where  there  are  the  seed- 
bearing  trees  of  the  loblolly  pine.  In  many  places  the  two  pines 
occur  mixed  ;  but  the  loblolly  generally  displaces  the  short-leaf, 
growing  more  rapidly  and  enduring  greater  lateral  compression 
and  shade  than  the  latter.  On  the  driest  soils,  however,  the- 
short-leaf  finally  outgrows  the  loblolly  and  prevails.  Much  of 
this  pine  is  of  good  stand  and  has  tall  and  straight  bodies  free 
from  limbs,  and  this  is  more  true  of  the  loblolly  pine  groves  than 
of  those  of  the  short-leaf;  but  much  more  of  it  has  been  thinned 
by  repeated  fires,  and  is  capable  of  yielding  but  little  wood  except 
for  fuel.  The  floor  is  generally  covered  with  a  thick  sod  of 
broom-grass.  Only  a  few  broad-leaf  trees  appear  spontaneously 
beneath  these  pines;  those  w^hich  do  occur  are  chiefly  post  oak, 
white  hickory  and  dogwood. 

In  Anson  county  there  remains  but  little  of  the  original  forest. 
North  of  Wadesboro  the  soil  is  a  gray,  sandy  loam,  rolling  and 
moist,  covered  with  a  generally  compact  growth  of  the  loblolly 
pine,  which  is  of  fairly  uniform  size  ;  high  poles  or  small-sized 
mill-timber,  where  large  tracts  of  cotton  lands  were  simultaneously 
abandoned  in  the  period  between  1861  and  1868,  and  have  not 
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since  been  re-cleared.  Beneath  this  loblolly  pine  there  is  very 
little  hardwood  growth.  South  of  Wadesboro  the  topography  i& 
more  rugged,  and  the  soils  are  stiifer,  and  along  the  crests  and 
upper  slopes  often  shallow.  Everywhere  it  has  been  badly  eroded- 
The  short-leaf  pine  holds  possession  of  the  large  extent  of  old 
fields,  with,  in  some  places,  a  small  proportion  of  loblolly  pine  inter- 
mixed. The  growth  is  open  and  stunted  and  in  many  localities 
dying  out.  There  is  little  underwood  and  a  consequently  poor 
door.  To  the  eastward  along  the  Pee  Dee  river,  lie  the  light 
loams  of  the  long-leaf  pine  belt;  on  which  at  the  present  time  in 
Anson  county,  there  are  not  over  3,000  acres  of  good  standing 
pine.  The  remainder  of  the  long-leaf  pine  lands  in  this  connty, 
as  has  been  said,  are  covered,  where  the  soils  are  dry,  with  small 
broad-leaf  trees,  chiefly  post  oak  and  black-jack  oak  ;  or  where 
the  soils  are  moist  with  an  open,  spreading  growth  of  the  loblolly 
pine. 

The  greater  part  of  the  woodland  oOiie«6  counties,  possibly  as 
much  as  two-thirds  of  it,  is  in  youn^  groVea  of  pure  pine.  The 
so-called  "forest''  pine  has  been  tie^rly  removed;  some  is  yet 
held  in  a  few  places.  There  are  considerable  area3  of  small-sized 
short-leaf  and  loblolly  pine  timber  suitable  for  milling  purposes, 
making  sap  lumber.  Only  a  little  of  it  has  been  cu%  that  chiefly 
for  making  tobacco  tierces.  From  the  broad-leaf  trees  (the  white 
and  post  oaks  mainly)  hoops  and  staves  and  railway  ties  are  made. 
Some  dogwood  is  gotten  out  for  shnttle-blocks.  There  are  few 
wood-working  industries,  and  these  are  chiefly  saw  mills,  sup- 
plying in  part  the  local  demand. 

IMPROVEMENT  OF  THE  FORESTS  OF  THE  SANDSTONE  BELT. 

The  moister  soils  are  capable  of  producing  loblolly  pine  suitable 
for  saw-logs,  and  medium-sized  white  and  Spanish  oaks.  The 
drier  soils  can  grow  rather  small-sized  trees  of  the  short-leaf  pine, 
post  oak  and  small-sized  white  oak. 

Protection  from  fires  is  needed  ;  browsing  cattle  do  only  slight 
damage,  except  where  there  is  a  very  large  proportion  of  broad- 
leaf  trees.     All  young   short-leaf  pine    appearing    in    lumbered 
woods  should  be  protected. 
13 
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The  thick  groves,  particularly  those  of  the  loblolly  pine,* 
might  well  be  thinned.  Very  lightly  at  first,  if  the  stand  is  very 
thick,  and  the  thinning  repeated  after  several  years.  If  the 
stand  is  not  so  thick  a  correspondingly  light  cutting  will  be 
required.  Seeding  pines  should  be  left  around  every  cultivated 
field  which  in  time  may  be  abandoned,  so  that  when  cultivation 
ceases  it  may  quickly  be  seeded  in  self-sown  pine  seed,  and  the 
young  pines  serve  as  a  protection  to  prevent  the  washing  away 
of  the  soil  as  so  much  of  it  is  now  destroyed. 

The*  loblolly  pine  can  be  grown  in  a  pure  forest  on  all  the 
moister  soils  of  this  division.  The  short-leaf  pine  does  well  in  a 
pure  growth  on  the  better  soils.  On  the  poorer  soils  all  the 
groves  of  untended  trees  now  have  too  open  a  stand.  This  may 
be  due  entirely  to  external  influences;  in  many  places  it  is 
evidently  traceable  to  fires.  If  this  be  due  in  certain  cases  to  the 
natural  thinning  out  of  the  pine  on  such  soils  as  the  trees  become 
of  large  size,  in  all  such  cases  underplantiug  will  have  to  be 
resorted  to. 

FORESTS    OF    THE    SLATE    SOILS. 

The  geological  formation  of  crystalline  schists  and  slates,  which 
extends  from  Person  county  southwestward  to  Union,  yields  two 
extreme  types  of  soils,  each  supporting  characteristic  growth. 
The  first  of  these  to  be  here  described  is  the  less  suited  for  the 
growth  of  trees,  and  has  woods  of  pine  and  small  broad-leaf  trees  ; 
the  second  produces  woods  of  broad-leaf  trees  of  a  larger  class  and 
no  pine,  and  will  be  described  further  on  in  considering  the  belt 
of  red  and  gray  loams  which  lies  next  to  the  west. 

The  first  soil  referred  to  as  being  a  characteristic  one  over  a 
large  part  of  these  counties  is  a  usually  shallow,  close  and  stifl*, 
yellow  loam,  sometimes  superficially  sandy,  derived  from  gray  or 
yellow  slates,  and  is  nearly  confined  to  the  southern  counties : 
Randolph,  Stanly,  Montgomery,  and  Union.  The  topography  of  the 
districts  where  such  soil  is  found  is  simple,  the  surface  nearly  flat 
or  gently  rolling.  Throughout  it  is  ill-drained,  and  the  variation 
in  the  growth  is  incidental  to  the  thoroughness  of  the  drainage. 
Where  better  drained  the  forest  resembles  a  two-storied  high  for- 
est.    The  upper  story  consists  of  a  rather  open   growth   of  short- 
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leaf  pine  rising  to  a  height  of  50  to  70  feet;  the  lower  etory  of 
small  post  and  black-jack  oaks,  with  more  or  less  Spanish  and 
white  oak  and  white  hickory,  has  an  average  height  of  40  feet, 
individnal  trees  acquiring  a  diameter  of  14  to  18  inches.  The 
trees  are  often  shrubby,  and  there  is  very  little  young  growth. 
As  the  soil  becomes  poorly  drained  the  pine  decreases,  until  on 
the  "  willow  oak  flats  "  the  growth  becomes  restricted  to  black- 
jack and  post  oaks  as  a  lower  story,  slightly  overtopped  by  willow 
oaks,  a  growth  capable  of  yielding  only  a  limited  number  of  ties, 
and  felloe  and  hub-material. 

In  Davidson,  Stanly  and  Union  counties  mines  have  been  worked 
for  many  years,  requiring  large  amounts  of  fuel  and  posts  which 
have  been  gotten  from  the  neighborhood.  Such  deforested  dis- 
tricts are  now  generally  covered  with  a  coppice  of  good  stand, 
often  with  many  young  pines  and  some  seedling  oaks  intermixed. 
Along  many  of  the  river  hills  through  here  thickets  of  the  scrub 
pine  may  be  seen.  It  appears  to  be  spreading  eastward  from  the 
granite  knobs  above  along  the  rivers,  occasional  trees  yet  being 
seen  in  culled  or  coppiced  woodland  as  far  to  the  eastward  as 
Orange  county. 

There  is  a  comparatively  large  part  of  the  area  of  these  coun- 
ties in  forest  and  only  a  small  amount  of  second  growth  woods  ; 
and  as  the  woods  have  been  but  little  culled  a  correspondingly 
large  amount  of  merchantable  timber,  pine  in  places  and  oak  suit- 
able for  ties  and  wagon-material.  These  forests  have  in  many 
places  been  badly  injured  by  frequent  and  destructive  fires,  but 
during  late  years  the  woods  have  been  better  protected  and  the 
adoption  of  laws  requiring  the  confinement  of  live  stock  in  several 
of  the  counties  has  tended  to  diminish  the  evil  and  at  the  same 
time  improve  the  general  condition  of  the  woodland. 

The  soils  of  the  first  division  are  on  the  whole  too  shallow  to 
make  large-sized  broad-leaf  trees.  The  most  valuable  tree  is  the 
short-leaf  pine ;  next  the  post  and  white  oaks  and  white  hickory 
and  dogwood.  The  pine  will  make  medium-sized  mill-logs;  the 
oak  scarcely  more  than  railway  ties  and  smaller  material. 

Fires  should  be  rigidly  excluded,  as  their  damage  to  young  pine 
is  great.     In  most  places  cattle  should  be  excluded.     Improve- 
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ment  cuttings  could  be  advantageously'  conducted  throughout 
nearly  thid  entire  section,  defective  pines  being  removed  and  old 
black  oaks  and  Spanish  oaks  that  are  interfering  in  any  way  with 
young  growth  of  more  valuable  species.  The  proportion  of  pine 
can  be  largely  increased  in  such  soils  as  are  sufficiently  deep  to 
permit  its  growth,  the  amount  of  post  oak  increased  on  the  crests 
of  ridges,  and  of  white  oak  on  the  slopes  and  better  soils. 

THE  DECIDUOUS  FORESTS  OF  THE  PIEDMONT  PLATEAU. 

Beginning  in  Mecklenburg  county  and  extending  northeast 
through  Cabarrus,  Rowan,  Davidson,  Guilford,  and  Caswell  coun- 
ties and  west  to  the  middle  parts  of  Davie,  Yadkin,  and  Rock- 
ingham counties  are  red  and  gray  compact  loams,  sometimes 
loose,  rarely  sandy,  derived  largely  from  gneissic  or  granitic 
rocks ;  and  with  these  may  be  included  the  loose  loams  of  Orange, 
Granville,  and  Alamance  counties,  and  the  stiff  red  loams  of 
central  Iredell,  middle  part  of  Lincoln  and  Catawba  counties,  and 
the  loose  and  sandy  red  and  gray  loams  of  southern  Cleveland 
and  Rutherford  counties.  This  territory  embraces  the  great  body 
of  the  fertile  upland  soils,  both  stiff  and  loose,  of  the  Piedmont 
plateau. 

The  forests  were  originally  of  the  first  quality,  consisting  of 
compact-growing  hardwoods,  oaks,  and  hickories,  with  pine  dis- 
seminated only  on  rocky  or  sandy  soils  along  the  crests  of  hills. 
They  differ  from  those  lying  to  the  eastward  in  the  almost  total 
absence  of  the  short-leaf  pine  in  the  original  forest,  the  rather 
limited  area  of  young  pine  in  pure  growth,  and  the  presence  in 
many  sections  of  the  red  cedar  and  scrub  pine  as  the  old  field 
growth. 

FORESTS    OF    THE    COMPACT   RED    LOAMS    OR    "  RED    CLAYS." 

The  stiff  red  soils,  the  so-called  "red  clays,"  derived  from 
hornblende-bearing  rocks  are  fertile,  and  are  usually  free  from 
stones.  The  soils  are  in  narrow  terraines,  two  to  twelve  miles 
wide,  lying  in  a  northeast  and  southwest  direction,  the  largest 
extending  from  Charlotte  to   Concord,  with   a   length  of  about 
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thirty-five  miles.  Other  extensive  bodies  are  at  Salisbury  and 
Lexington  ;  several  smaller  are  in  Guilford  county,  and  a  large 
body  extends  through  central  Alamance  and  Orange  counties, 
and  the  northwest  part  of  Person  county.  Besides  these  bodies 
are  the  areas  in  Catawba,  Lincoln,  and  Iredell  counties  already 
referred  to,  and  smaller  areas  in  other  portions  of  these  counties. 

The  forests  of  the  compact  red  loams  are  composed  of  black  and 
white  oaks,  white  and  small-nut  hickories  with  small  intermixture 
of  Spanish  oak,  and  along  the  crests  of  the  ridges,  of  post  oak; 
but  on  lower  hillsides  and  steep  north  slopes  the  yellow  poplar, 
northern  red  oak,  shagbark  hickory,  and  white  ash  also  occur. 
These  trees  in  the  most  favored  situation  form  a  forest  whose 
canopy  is  raised  90  to  100  feet,  and  the  trunks  which  support  it 
are  free  from  limbs  for  40  to  60  feet.  Beneath  these  trees  where 
there  has  been  no  pasturage  there  is  in  many  places  a  heavy 
undergrowth  of  dogwood  and  young  trees.  The  wooded  land  is 
for  the  most  part  distributed  among  small  farms,  and  much  of  it 
has  been  heavily  culled  of  the  white  oak  for  building  and  fencing- 
material,  and  in  places  the  Spanish  oak  has  been  removed  for  the 
game  uses.  Where  such  culling  has  been  done  and  the  woodland 
pastured  at  the  same  time,  the  growth  has  remained  open  and 
there  is  no  underwood:  and  although  in  many  such  tracts  no  pas- 
turage has  been  permitted  for  the  past  five  or  ten  years,  the 
reproductive  power  of  the  black  oaks  seems  to  be  so  impaired, 
possibly  from  the  dry  and  impoverished  floor,  that  seedlings  are 
infreqtient  and  small,  and  few  young  black  oaks  are  to  be  found  in 
the  undergrowth  now  appearing,  which  consists  of  dogwood, 
hickories,  haws,  and  young  white  oaks.  There  are  still  many 
fine  bodies  of  hickory,  although  much  has  been  cut  from  these 
lands  for  numerous  local  bnggy  and  spoke  factories,  and  much 
has  been  exported  in  the  log. 

Old  fields  on  the  compact  red  loams  are  not  frequent  and  they 
are  either  tardily  taken  by  pine,  the  seed  being  borne  there  from 
trees  at  a  distance  on  other  soils,  or  sometimes  they  are  taken  by 
thickets  of  sassafras,  sumach  or  by  persimmon,  and  in  a  few  local- 
ities   by  red  cedar.     Sometimes,   however,   a   growth    of  mixed 
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broad-leaf  trees,  whose  seedlings  are  light-bearing,  appear,  Span- 
ish, post,  and  white  oaks,  white  hickor}',  dogwood,  and  sourwood. 

IMPROVEMENT  OF  THE  FORESTS. 

These  forests  are  capable  of  yielding  large-sized  oak  and  hick- 
ory timber.  The  white  and  black  oaks  are  the  most  valuable 
trees  growing  on  these  soils,  and  are  better  adapted  to  them  than 
the  others;  the  Spanish  oak  is  less  suited.  Of  the  hickories  the 
smallnnt  and  the  white  make  the  most  rapid  growth  and  thrive 
better  on  this  stiffer  soil ;  the  small-nut  on  the  shadier  slopes  or 
where  the  stiffest  soils  prevail ;  the  white  where  the  soils  are  drier 
or  not  so  stiff.  The  short-leaf  pine  will  attain  a  large  size  and 
make  exceedingly  rapid  growth,  either  in  growth  with  other  trees 
or  when  growing  alone. 

Browsing  cattle  and  hogs  should  be  excluded,  and  lires,  which 
at  present  are  of  seldom  o.ccurrence,  should  be  guarded  against. 
Where  the  woods  have  not  been  pastured  there  is  usually  a  heavy 
stand  of  young  trees  beneath  the  old  ones,  and  generally  of  the 
same  kind,  although  not  by  any  means  in  the  same  proportion. 
There  are  great  numbers  of  white  oaks,  especially  four-year-old 
seedlings,  and  thickets  of  saplings,  from  the  two  latest  heavy  masts, 
around  and  beneath  seed-bearing  trees ;  and  this  young  growth 
is  most  promising.  Defective  old  trees,  or  objectionable  species, 
black  gums,  scarlet  oak  and  other  trees  of  less*  value  which  by 
their  shade  are  interfering  witK  such  young  growth  should  be 
removed,  and  if  it  will  pay  to  turn  them  into  cord-wood  they 
should  be  cut  up  and  hauled  out,  as  little  cutting  and  injury  being 
inflicted  on  the  young  growth  as  is  possible. 

There  is  in  some  places  much  mature  timber:  when  it  is  post 
oak,  chiefly  suitable  for  railway  ties;  when  white  and  black  oaks, 
it  will  yield  small-sized  milling  timber,  and  this  is  often  standing 
to  the  great  detriment  of  the  thick  young  growth  beneath  it,  and 
might  well  be  partly  removed  to  give  the  young  growth  an  oppor- 
tunity for  development. 

Where  pasturage  has  been  uninterruptedly  practiced  for  many 
years  and  the  woods  are  open  beneath,  there  being  no  underwood 
of  young   trees,  an    absolute  exclusion   of  cattle  is  demanded  in 


IMPROVEMENT    OF    THE    FOBE8T8.  199 

order  to  secure  the  regeneration  of  a  new  crop  beneath  the  old 
trees.  Where  lack  of  grazing  lands  makes  woodland  pasturage 
necessary,  the  plan  of  utilizing  one-half  of  the  woodland  for  grazing 
until  the  young  growth  in  the  other  portion  becomes  too  large  to 
be  injured  by  cattle,  and  then  turning  the  cattle  into  that,  while 
the  pastured  area  is  permitted  to  rest  and  secure  a  new  growth, 
could  be  adopted.  Where  there  are  yet  many  black  oaks,  white 
oaks  and  hickories  standing,  they  can  be  allowed  to  naturally  seed 
the  ground,  and  the  seedlings  from  them  form  the  new  wood. 

In  places,  however,  these  species  are  nearly  wanting,  or  the 
white  oak  has  been  largely  removed,  so  that  if  a  new  crop  were  to 
be  naturally  regenerated  beneath  the  remaining  trees  it  would  be 
formed  largely  of  little-desired  species.  Underplanting  with  the 
white  oak,  and  retaining  the  old  cover  for  several  years,  and  then 
removing  it  after  the  young  white  oaks  have  formed  thickets  so 
as  to  shade  the  ground,  is  here  recommended.  The  most  naked 
spaces,  without  any  cover  at  all,  might  well  be  sown  in  the  short- 
leaf  pine. 

Some  localities  show  absolutely  no  signs  of  young  growth  of 
broad-leaf  trees  except  such  kinds  as  are  neglected  by  browsing 
cattle;  the  old  trees  which  are  standing  have  passed  their  matur- 
ity, their  tops  are  decaying,  the  trunks  are  often  hollow,  and  their 
vigor  is  constantly  lessening  from  the  free  access  of  the  sun  to  the 
soil  around  their  roots.  Any  kind  of  a  young  growth  in  such  sit- 
uations will  be  valuable  in  protecting  the  soil  from  washing  and 
preventing  the  further  decay  of  the  old  trees  by  shading  their 
roots.  Nearly  all  of  this  thinned  wood  has  more  or  less  young 
short-leaf  pine  in  it  which  is  rapidly  increasing,  being  passed  over 
by  cattle. 

THE    FORESTS    OF    THE    LOOSE    GRAY    LOAMS. 

The  forests  of  this  division  cover  the  greater  portion  of  the  sec- 
tion of  the  Piedmont  plateau  which  lies  between  Rutherford  and 
the  southeastern  part  of  Mecklenburg,  on  the  south  and  west, 
and  Yadkin,  Rowan,  Caswell  and  Orange  counties  on  the  north 
and  east;  within  this  division  lie  the  smaller  areas  of  compact  re.d 
loams  with  their  somewhat  different  growth.     There  is  not  always 
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a  sharply  defined  limit  between  the  loose  gray  loams  and  the  com- 
pact red  loams,  one  gradually  passing  into  the  other;  more  often 
the  areas  of  compact  red  loams  have  sharply  defined  limits.  The 
more  sandy  soils  prevail,  however,  in  Alamance,  Orange,  the  west- 
ern portion  of  Chatham  and  in  Person  counties,  in  the  southern 
portion  of  Mecklenburg,  and  the  southern  parts  of  Cleveland  and 
Kutherford  counties. 

The  gray  loams  are  loose,  even  sandy  in  places,  with  the  subsoils 
stifter  and  bright-colored,  deep,  well  drained,  but  fresh  or  moist 
and  well^suited  for  tree  growth.  In  a  few  places  they  are  rocky 
or  even  bouldery  as  in  portions  of  Orange  and  Alamance  counties. 

In  general,  the  forests  are  quite  similar  to  those  of  the  compact 
red  loams ;  but  the  Spanish  oak  to  a  large  extent  replaces  the  black 
o^k-;  there  is  more  post  oak,  and  the  standard  of  excellence  is  not 
so  high. 

The  composition  of  the  original  forest  may  be  said  to  be  of  white 
oak,  Spanish  oak,  post  oak,  black  oak,  white  hickory,  and  scarlet 
oak,  in  relative  abundance  about  in  the  order  named,  and  forming 
over  three-fourths  of  the  growth  ;  beneath  these  trees  is  a  selection 
of  underwood,  where  it  has  not  been  suppressed  by  pasturage,  which 
shows  a  fair  representation  of  the  dominant  trees,  and  with  these 
the  dogwood,  sourwood,  haws,  and  thorns.  Dogwood,  however,  is 
not  so  abundant  as  on  the  compact  red  loams.  On  slopes  facing 
the  north  and  cool  hillsides  there  is  but  little  ash  and  red  maple, 
and  only  occasional  trees  of  the  northern  red  oak,  but  yellow  pop- 
lar is  more  frequent. 

Tine,  though  infrequent  on  the  stiff'er  soils  and  confined  to  the 
ridges,  forms  on  the  looser  a  not  inconsiderable  element  in  the 
woodland,  from  J  to  2  per  cent,  of  the  mature  trees  often  being 
pine,  these  being  large  and  tall,  but  scarcely  overtopping  the  hard- 
woods. 

Where  the  soil  is  poor  and  sandy  as  in  southern  Mecklenburg, 
there  is  a  reoccurrence  of  the  pine,  post  oak,  and  blackjack  oak 
growth,  with  the  pine  as  an  upper  story  and  the  broad-leaf  trees 
as  rt  lower.  The  area  of  such  sandy  land,  however,  is  limited,  and 
i-t  is  generally  largely  cleared  for  cotton  culture,  with  the  greater 
part  of  the  woodland  hardwood  coppice  and  pine  regrowth. 
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To  the  eastward  in  Person,  Orange  and  Alamance  counties  the 
small  shagbark  hickorv  is  frequent  along  the  crests  of  sandy  ridges, 
forming  in  a  few  places  as  much  as  10  per  cent,  of  the  growth  over 
limited  areas. 

Where  high  hills  occur  with  sandy  or  gravelly  crests,  and  espe- 
cially if  boaldery,  as  the  river-hills  along  the  Deep  and  Haw,  and 
the  elevated  ridges  in  Person  connty  which  centre  around  Fuller 
mountain,  the  chestnut  oak  becomes  conspicuous,  and  in  culled  and 
coppiced  woodland  rapidly  propagates,  seeding  at  an  early  age, 
and  abundantly  reproducing  from  stool  shoots. 

Coppiced  and  culled  woods  deteriorate  in  two  directions  accor- 
ding to  the  kind  of  soil  on  which  they  grow  ;  if  on  sandy  soils  the 
early  seeding  black-jack  oak  and  post  oak  increase,  their  seedlings, 
appearing  among  the  stool  shoots,  the  trees  of  these  species  becom- 
ing large  enough  to  produce  seed  before  those  other  kinds;  on  the 
stilfer  red  soils  where  the  black-jack  oak  is  wanting,  the  sourwood 
increases  rapidly  for  the  same  reason,  it  seeding  at  a  very  early 
age,  especially  from  shoots. 

On  the  hillsides  in  culled  woods  many  maple  seedlings  occur, 
and  reach  a  height  of  20  or  30  feet,  and  then  die.  The  black  gum 
does  the  same,  small  trees  of  this  species  often  forming  a  consider- 
erable  proportion  of  the  young  growth  ;  but  although  it  reaches  a 
much  larger  size  tlian  the  red  maple,  and  persists  for  afar  longer 
time,  it,  too,  is  finally  suppressed  by  more  rapid-growing  trees 
which  are  better  suited  for  the  dry  soils.  To  a  less  extent  the  same 
iji  tiue  of  the  sweet  gum,  but  unless  in  rather  favored  localities  its 
seedlings,  which  appear  in  many  places  in  the  woods,  die  after  a 
few  years  growth. 

Where  the  soils  are  not  too  sandy  or  thin  there  is  a  growth  of 
broad-leaf  trees  nearly  as  excellent  in  quality  as  that  on  the  com- 
pact red  loams.  Its  average  height,  however,  will  scarcely  exceed 
85  feet,  and  as  the  soil  becomes  more  silicious  there  are  fewer 
small-nut  and  shagbark  hickories  and  black  oaks,  these  being 
supplanted  by  post  and  Spanish  oaks  ;  or,  if  the  country  is  rugged 
and  the  crests  of  the  hills  rocky  and  gravelly,  especially  if  with 
quartz  fragments,  the  scarlet  oaks  and  pignut  hickories  enter 
largely. 
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These  forests  require  the  same  manageuient  and  care  for  their 
improvement,  as  was  indicated  for  those  of  the  compact  red  loams. 

GENERAL    CONDITION    OF    THE    DECIDUOUS    F0RE8TQ    OF    THE    PIEDMONT 

PLATEAU    REGION. 

Between  80,000  and  lUO,000  acres  of  oak  and  hickory  woodland 
situated  in  Person,  Caswell,  and  Granville  counties  were  burned  in 
the  spring  of  1893.  The  greater  portion  of  the  mature  and  large- 
sized  oak  and  hickory  timber  was  killed  ;  and  while  the  tops  of 
all  smaller  trees  were  destroyed,  they  put  forth  abundant  stool 
shoots  so  that  the  burnt  areas  are  now  covered  with  thickets  of 
young  sprouts.  There  is  another  large  burnt  area  in  the  north- 
eastern portion  of  Rockingham  county  over  which  a  fire  passed 
about  1875.  This  is  now  covered  with  a  thick  growth  of  small 
trees  about  twenty  years  old,  there  often  being  several  stocks 
from  the  same  stool  so  that  they  interfere  with  each  other  and 
prevent  development. 

While  at  the  present  time,  on  account  of  the  general  distribu- 
tion of  groves  of  seed-bearing  short  leaf  pine,  this  species  quickly 
forms  a  stand  in  abandoned  fields,  as  is  the  case  from  Rutherford, 
Cleveland,  and  Mecklenburg  counties  north  to  Davie  and  Guil- 
ford, yet  in  many  portions  of  southern  Alamance,  the  northern 
parts  of  Orange,  in  Person,  Caswell,  and  the  eastern  parts  of 
Rockingham  and  Forsyth  counties,  the  short- l.eaf  pine  does  not 
rapidly  take  old  fields,  from  five  to  ten  years  or  even  more 
being  required  tor  a  thick  stand  to  be  naturally  secured. 

In  the  eastern  portion  of  Guilford  county,  and  in  Alamance, 
Orange,  Person,  and  Forsyth  there  is  a  large  proportion  of  red 
cedar  associated  with  the  short-leaf  pine,  in  localities  where  the 
pine  does  occur  in  the  old  field  growth  ;  but  th^  cedar  is  finally 
suppressed  by  overshading.  In  some  localities  cedar  unmixed 
with  other  trees  forms  the  regrowth.  This  tree  is  also  rapidly 
increasing  in  culled  woods,' but,  as  in  the  pine  groves,  it  is  unable 
to  endure  the  deep  shade  of  the  broad-leaf  trees,  being  of  much 
slower  growth  than  they,  and  is  at  last  overshaded.  In  the  coun- 
ties to  the  west  of  Guilford,  and  especially  in  those  to  the  south- 
west, there  is  not  so  much  red  cedar. 
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Where  neither  the  red  cedar  nor  short-leaf  pine  appears  in  the 
old  fields,  as  in  portions  of  Gnilford,  in  Caswell,  especially  in  the 
valley  of  Country  Line  creek,  in  Rockingham  and  Forsyth  coun- 
ties, and  to  a  less  extent  elsewhere,  the  scrub  pine  forms  a  large 
portion  of  the  regrowth  in  old  fields,  in  many  places  forming  com- 
pact thickets  of  pure  growth  ;  in  others,  thickets  of  the  short-leaf 
pine  and  scrub  pine  alternate.  The  two  pines  are  sometimes 
associated.  When  this  is  the  case  unless  the  short-leaf  pine  has 
the  advantage  of  a  start  of  a  few  years  growth,  the  scrub  pine, 
being  the  more  rapid  grower,  will  overshade  it  and  suppress  it. 
Less  frequently  is  the  scrub  pine  associated  with  red  cedar  in 
these  groves. 

The  scrub  pine  forms  groves  of  pure  growth  on  the  granite 
knolls  which  extend  acro.-is  the  eastern  edge  of  Cabarrus  county 
into  Rowan,  and  the  dissemination  in  the  old  fields  has  probably 
been  from  the  trees  on  these  knolls  and  those  growing  along  the 
hills  of  the  Haw  and  the  Deep  rivers,  as  the  scrub  pine  is  not 
found  at  other  places  in  this  division  in  the  original  forest. 

Probably  as  much  as  one-third  of  the  area  of  this  division  is  in 
wood,  and  over  one-half  of  the  wood  is  regrowth.  A  greater  por- 
tion of  the  regrowth,  over  a  third  at  any  rate,  is  pine  and  cedar. 
There  are  besides  large  areas  of  waste  lands,  with  almost  no  tree 
growth  of  any  kind,  or  exceedingly  thinly  stocked  with  pine  or 
oak,  chiefly  post  oak,  black-jack  oak,  and  Spanish  oak  stool- 
shoots. 

There  is  almost  no  merchantable  heart-pine  suitable  for  milling. 
The  local  bodies  of  regrowth  pine  which  are  now  large  enough  for 
small  sized  saw-logs  will  yield  only  sap  lumber,  and  are  not  gen- 
erally utilized  on  this  account;  but  there  are  large  quantities  of 
pine  suitable  for  fuel.  There  is  not  very  much  oak,  either  white 
or  red  oak,  which  is  suitable  for  lumber.  What  there  is  lies 
chiefly  in  Orange,  Person,  and  Davidson  counties;  but  there  are 
smaller  bodies  in  other  places.  Smaller  white  oak  and  post  oak, 
suitable  for  railway  ties,  in  most  places  is  not  abundant,  many 
sections  not  producing  enough  to  supply  the  local  demand. .  Hick- 
ory, however,  is  relatively  more  abundant,  not  having  been  so 
largely  culled  for  local  use;   numerous  spoke  and  tool-handle  fac- 
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tories  are  now  utilizing  this.  There  are  few  saw-mills,  and  nearly 
all  of  the  building  material  used  by  the  larger  towns  is  brought 
from  other  sections  of  the  State. 

THE    WESTERN  PINE  BELT  OF  THE  PIEDMONT  PLATEAU. 

Lying  to  the  west  of  the  compact  red  and  gray  loams  are  fine- 
grained and  mostly  sandy  loams,  usually  red  or  reddish  in  color 
with  a  thin  surface  soil,  usually  less  fertile  than  the  compact  red 
and  gray  loams  and  less  suitable  for  tree-growth.  This  division 
extends  from  the  central  part  of  Rockingham,  Iredell,  and  the 
central  part  of  Rutherford  counties  northward  and  westward  to 
the  base  of  the  Blue  Ridge  and  its  outlying  spurs.  A  few  local 
areas  of  compact  red  loams  occur,  and  the  original  timber  on  these 
soils  was  entirely  of  broad-leaf  trees. 

The  surface  of  the  entire  division  sloping  eastward  from  the 
escarpment  of  the  Blue  Ridge  is  broken  and  rugged.  The  culmi- 
nating points  of  the  divides  between  the  rivers  which  here  find 
their  head  waters  are  low  mountain  chains  running  irregularly 
east  and  west.  These  mountains  and  the  groups  and  isolated  peaks, 
lying  still  further  to  the  east,  the  Sauratown  and  Crowder  moun- 
tains, and  Kings  mountain  have  an  arborescent  growth  similar  to 
that  on  the  eastern  slope  of  the  Blue  Ridge,  and  their  woods  will 
be  considered  in  connection  with  that  (p.  210). 

Here,  however,  it  may  be  well  to  say  that  the  woods  on  the 
north  slopes  yet  contain  some  merchantable  yellow  poplar  in 
some  of  the  hollows,  with  ash,  northern  red  oak,  and  white  oak. 
The  woods  on  the  southern  slopes,  and  this  is  especially  true  of 
the  South  mountains,  the  Sauratown  and  King's  mountain,  and 
the  broad  water-shed  between  the  Green  and  Pacolet  rivers,  have 
been  many  times  burned,  and  pine  timber  has  been  very  badly 
damaged  while  tie  and  tan-bark  oak  has  been  greatly  thinned  or 
reduced  to  stool-shoots. 

The  forests  of  this  division  are  of  pine  mixed  with  broad  leaf 
trees,  of  which  the  scarlet  oak  is  the  most  abundant.  It  is  espe- 
cially common  on  gravelly  soils  and  has  associated  with  it  the 
Spanish  oak,  post  oak,  white  oak  and,  to  a  less  extent,  the  black 
oak,  while  along  all  high  and  sandy  crests  and  rocky  slopes  the 
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chestnut  oak  becomes  a  tree  of  economic  cotisideration.     There  is  * 

not  so  much  hickory  as  in  the  oak  forests  of  the  central  portion  of 
the  state  this  group  being  represented  chiefly  by  the  pignut,  white, 
and  some  smallnut.  The  sourwood  becomes  even  more  conspicuous 
than  in  Davie  and  Guilford  counties,  and  along  the  hollows  and 
northern  slopes  there  is  some  yellow  poplar,  ash  and  northern 
red  oak. 

Thefee  woods  are  in  a  far  more  uniform  condition  than  those 
lying  to  the  eastward  and  are  much  less  broken.  There  are 
broad  expanses  of  woods,  formed  of  pine  mixed  with  broad-leaf 
trees,  with  the  cover  entire  or  somewhat  broken,  and  dotted  with 
small  groves  of  pure  pine,  either  the  short-leaf  or  the  scrub,  in 
old  fields ;  or  there  are  extensive  areas  of  culled  or  coppiced 
woodland  adjacent  to  the  farms  and  small  towns. 

Throughout  some  portions  of  the  division  cattle  have  been 
excluded  from  the  woodland  for  periods  of  from  five  to  ten  years, 
but  most  parts  are  yet  pastured.  The  forest  floor  is  generally 
poor,  the  underwood  thin  or  entirely  absent,  and  the  cover  of  the 
mature  trees  open. 

The  original  forest  is  from  70  to  80  feet  in  height,  though  in 
many  places  it  will  not  be  over  60  feet  where  the  soils  are  thin 
and  poor,  while  in  hollows  and  on  cool  slopes  many  trees  will 
measure  over  100  feet  in  height.  Considering  the  division  as  a 
whole,  the  trees  stand  in  relative  abundance  about  in  the  follow- 
ing order:  short-leaf  pine,  scarlet  oak,  black  oak,  white  oak, 
sourwood,  chestnut  oak,  post  oak,  Spanish  oak,  and  white  hickory. 
These  form  considerably  over  three-fourths  of  the  growth.  Less 
abundant  and  forming  the  larger  portion  of  the  remainder  of  the 
growth  are  the  dogwood,  pignut,  chestnut,  black-jack  oak,  black 
gum,  and  small-nut  hickory,  scrub  pine,  and  red  maple. 

The  culled  woods  show  an  increased  proportion  of  young  pine; 
while  scarlet  oak,  chestnut  oak,  and  sourwood  are  increasing  in 
both  culled  and  coppice  woods,  the  scarlet  oak  more  rapidly  than 
any  other  oak.  Its  young  growth  often  forms  thickets  in  the 
open  spaces  where  trees  are  removed  in  culling ;  and  in  coppiced 
woodland  it  reproduces  rapidly  both  by  seedlings  and  stool-shoots. 
It  is  chiefly  on  the  drier  sandy  and  rocky  soils  that  the  chestnut 
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oak  is  spreading  most  rapidly  under  culling,  especially  where  the 
cutting  is  heavy  or  where  the  woods  are  coppiced ;  so  that  large 
areas  where  fuel  is  regularly  cut  show  a  growth  which  has  dete- 
riorated, so  that  while  it  formerly  consisted  of  mixed  oaks  and 
hickory,  now  it  is  of  scarcely  other  trees  than  the  scarlet  and 
chestnut  oaks.  Both  of  these  trees,  however,  are  well-suited  for 
coppice-cutting  on  account  of  their  rapid  growth,  vigorous  sprout- 
ing, and  the  long  persistence  of  the  stools. 

The  increase  of  ,the  red  maple  in  culled  woods  is  also  rapid. 
Under  the  protection  of  the  light  shade  so  afforded  maple  seed- 
lings can  be  found  on  all  classes  of  soils  from  the  driest  to  the 
most  moist.  On  the  mo'ister  soils  they  seem  to  be  incorporated 
as  a  permanent  part  of  the  growth  ;  but  where  the  soils  are  dry 
they  grow  more  slowly  and  are  overtopped  by  the  oaks  when 
eight  or  ten  inches  in  diameter,  put  up  sprouts  from  around  the 
base  of  the  trunk,  the  main  stem  becomes  weakened  and  dies.  In 
like  manner  many  seedlings  of  the  yellow  poplar  appear;  those 
on  the  drier  soils  soon  succumb ;  those  on  the  moister  persist  for  a 
long  time,  if  on  a  north  slope  even  becoming  large  trees. 
Black  gum  seedlings,  which  are  frequent  on  the  drier  soils,  con- 
tinue to  grow  for  many  years,  but  the  specimens  never  become 
more  than  small-sized  trees. 

The  regrowth  in  the  old  fields  is  uniformly  pine,  except  in  a 
few  local  areas  of  compact  red  loams,  where  it  may  be  red  cedar 
or  scrubby  broad-leaf  trees  as  well  as  pine.  The  pine  in  old 
fields  is  usually  the  short-leaf;  but  in  some  sections  it  is  the  scrub, 
especially  where  adjacent  to  the  mountains,  or  where  thickets  of 
that  pine  occurred  in  the  original  growth,  as  along  steep  river 
hills  or  the  thin  soils  near  granite  knolls,  the  so-called  "  flat-rocks." 
Leps  frequently  white  pine  forms  the  old  field  growth,  and  then 
only  at  the  base  of  the  mountains  where  mature  trees  of  this 
species  occur.  Beneath  pine  regrowth  of  all  kinds,  unless  the 
cover  is  exceedingly  heavy,  sourwood,  red  maple  and  dogwood 
appear. 

MERCHANTABLE  TIMBER  OF  WESTERN  PIEDMONT  PINE  BELT. 

The  forests  of  the  western  pine  belt  now  yield  more  timber  than 
those  of  any  other  part  of  the   Piedmont  plateau  region,   and 
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exploitation  is  not  so  far  advanced  in  them  as  elsewhere.  There 
are  many  mills  sawing  pine  and  soft  woods  in  Wilkes  and  the 
northern  part  of  Alexander  counties;  mills  cutting  hardwoods  at 
Hickory,  Morganton,  Lenoir,  Old  Fort,  Thermal  Springs  and  at 
other  localities,  wHile  mills  sawing  pine  are  scattered  through 
the  entire  territory. 

Several  local  tanneries  obtain  their  bark  supply,  chiefly  chest- 
out  oak  and  white  oak  bark,  from  the  immediate  neighborhood, 
but  they  have  removed  only  about  one-half  of  the  available 
amount  in  the  South  mountains,  and  that  in  the  Brushy  moun- 
tains and  on  the  slopes  of  the  Blue  Ridge  has  yet  scarcely  been 
touched.     The  largest  tanneries  are  at  Morganton  and  Wilkesboro. 

The  largest  areas  containing  merchantable  pine  lie  in  Caldwell, 
Burke,  Alexander,  Wilkes,  and  the  northern  parts  of  Cleveland 
and  Rutherford  counties.  Some  white  pine  of  a  low  grade  is  fur- 
nished by  the  counties  lying  along  the  base  of  the  Blue  Ridge. 
It  is  locally  used  for  building  material,  but  far  the  greater  part  of 
the  lumber  manufactured  is  utilized  in  making  shipping  boxes 
for  local  cotton  and  woolen  mills.  The  northern  pitch  pine 
occurs  through  here  above  an  elevation  of  1,300  feet,  usually 
growing  with  the  short-leaf  pine  and  distinguished  from  it  under 
the  name  of  "  black  pine"  ;  and  along  the  mountains,  above  an 
elevation  of  2,000  feet  occur  occasional  specimens  of  the  Table- 
mountain  pine,  which  finds  its  eastern  limits  on  the  rocky  sum- 
inits  of  King's  mountain  in  the  southeast  and  the  Sauratown  moun- 
tains in  the  northeast,  though  in  the  intervening  territory  between 
these  two  mountains  and  the  ridge  of  the  Brushy  and  the  South 
mountains  it  is  not  known  to  occur.  All  of  these  pines  afford 
merchantable  milling  timber.  The  scrub  pine  is  abundant  on 
the  shallow  soils  of  the  mountains  and  along  the  Blue  Ridge,  fre- 
<juently  forming  small  patches  of  unmixed  growth.  The  milling 
oak  timber  is  the  white,  some  Spanish,  red  and  black  oak  ;  there 
is  a  great  deal  of  white  and  chestnut  oak  tie- timber,  but  not  so 
much  post  oak  as  farther  eastward,  the  scarlet  oak  largely  taking 
its  place. 

IMPROVEMENT  OF  THE   FOREST. 

These  forests  are  capable  of  yielding  short-leaf  pine,  which  will 
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on  the  best  soils  attain  a  height  of  90  feet,  and  on  the  poorer  a 
height  not  exceeding  70  feet ;  and  many  of  the  soils,  on  account 
of  their  poorness,  are  ranch  more  suited  for  a  growth  of  pine  than 
of  more  exacting  broad-leaf  trees.  The  white  and  chestnut  oaks 
grown  on  the  crests  of  the  hills  will  make  trees  large  enough  for 
railway  ties  and  tan-bark  but  scarcely  larger  ;  on  the  moister 
upper  slopes  the  black  and  white  oaks  attain  sizes  which  make 
them  suitable  for  milling-timber ;  on  the  cooler  and  moister  lower 
slopes  the  white  oak,  northern  red  oak  and  yellow  poplar  attain 
moderately  large  dimensions  and  form  good  timber.  The  Spanish 
oak  generally  reaches  only  a  small  size  and  is  often  defective ; 
and  the  same  is  true  of  the  scarlet  oak.  Sourwood  large  enough 
to  be  of  value  commercially  is  usually  defective.  The  white  pine 
will  certainly  do  fairly  well  in  a  few  localities  along  the  western 
limits  of  the  division,  and  though  at  this  low  elevation  it  fails  to 
clear  the  stocks,  at  least  in  the  forest  specimens,  as  it  does  at  a 
higher  elevation,  it  is  worthy  of  being  protected  on  account  of  its 
rapid  growth.  Thickets  of  pure  growth  will  probably  form 
cleaner  shafts  than  where  single  specimens  appear  in  mixed  woods. 
The  broad-leaf  trees  require  such  care  as  was  indicated  for 
those  of  the  compact  red  loams  (p.  198).  The  white  pine  can  be 
treated  in  the  same  way  as  will  be  given  for  the  groves  of  that 
tree  occurring  in  the  high  mountains  (p.  218). 

FORESTS  OF  THE  MOUNTAIN  REGION. 

The  differences  in  the  character  of  the  forests  of  the  mountain 
region  are  not  determined  so  largely  either  by  the  kind  of  soil  or 
by  the  amount  of  moisture  contained  in  it  as  are  those  of  the 
Piedmont  plateau  and  coastal  region.  Within  short  distances 
among  the  mountains  there  are  wide  variations  in  elevation. 
With  increased  elevation  a  rapid  lowering  of  the  average  annual 
temperature  takes  place,  and  a  proportional  shortening  in  the 
growing-season  ;  increase  in  the  rain-fall  and  relative  humidity, 
and  a  decrease  in  evaporation  both  directly  from  the  soil  and 
through  transpiration.  The  effect  of  these  factors  in  limiting  the 
distribution  of  certain  species  is  more  evident  than  that  of  the 
soils;  though,  between  certain  limits  of  elevation,  changes  in  the 
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character  of  the  soil  intluence  the  kind  of  growth.  It  is  doubt- 
fal,  however,  if  changes  of  soil  in  the  larger  mountain  masses 
above  5,<)U0  feet  elevation  produce  any  change  at  all  in  the  kind 
ot  trees,  the  number  of  species  being  limited  to  those  whose  hardi- 
ness of  crown  or  foliage  and  short  growing-season  render 
rapable  of  wn'thstanding  the  sudden  changes  of  temperature  to 
which  they  are  subjected  toward  the  summits  of  the  higher  moun- 
tains. At  high  elevations  certain  trees  are  to  be  found  both  along 
dry  ridges  and  in  cold  swamps ;  the  white  and  pitch  pines  and 
Mack  gum  ;  and,  choosing  less  noticeable  extremes  of  soil,  are 
the  red  oak,  hemlock,  beech,  birches,  and  sugar  maple. 

The  forests  of  the  mountain  region  are  separable  into  three 
zones  or  belts  lying  at  different  elevations.  These  may  be 
described  as  follows:  (1)  The  forests  of  the  lower  mountains:  (2) 
the  forests  of  the  higher  mountains;  (3)  the  forests  of  the  moun- 
tain summits. 

THE  FORESTS  OF  THE  LOWER   MOUNTAINS. 

The  forests  of  the  lower  mountains  lie  between  1, 500  and  3,000 
feet  elevation.  They  occupy  the  eastern  and  southern  slopes  of 
the  Blue  Ridge  and  its  outlying  spurs,  and  the  minor  chains  of  the 
Brushv  and  Sauratown  mountains  which  penetrate  or  lie  within 
the  Piedmont  plateau  region  ;  and  to  the  westward  of  the  Hlue 
i  Ridge  they  occupy  the  hills  and  lower  mountain  slopes  about  to 
the  maximum  elevation  given  above. 

(Jaks,  white,  chestnut,  black,  scarlet,  red  and  shingle,  with  some 
i.ickory,  chiefly  white,  bitternut  and  rarely  the  shagbark  and  small- 
rmt,  with  the  chestnut  and  occasionally  dogwood,  are  the  chief 
•Toad-leaf  trees.  The  pines  are  the  short-leaf,  pitch.  Table  moiin. 
tain,  scrub  (Jersey)  and  the  wMiite.  These  form  a  story  of  vary, 
ino;  density,  ^)nt  never  (constituting  over  one-half  of  the  trees, 
•slightly  above  the  broad-leaf  trees  ;  or  are  coordinate  with  them 
and  fewer  in  number.  As  the  (juality  of  the  soil  improve.^,  either 
a> regards  fertility  or  constant  proportion  of  moisture,  and  the  indi- 
vidual specimens  composing  the  broad-leaf  element  rea(»h  a  larger 
>ize,  the  pines  become  fewer  in  number,  restricted  in  kind  to  those 
attaining  the  greater  size,  the  white  and  short-leaf,  and  are  con- 
14 
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fined  to  the  more  rocky  and  shallow  or  sandy-soiled  crests,  and 
eventually  are  crowded  out;  either  because  the  broad-leaf  trees, 
overshade  the  mature  light-loving  pines,  or  because  their  shade 
becomes  too  deep  for  the  growth  of  the  young  plant. 

DISTINCTIVE  QROWTH. 

The  forests  of  the  lower  mountains  approach  in  the  character 
of  their  economic  trees  those  of  the  western  gneisses  of  the  Pied- 
mont plateau.  The  pines,  except  the  short-leaf  and  the  scrub  (Jer- 
sey) are  usually  kinds  which  are  not  frequent  in  any  part  of  the 
Piedmont  plateau  region;  the  chestnut  oak  becomes  frequent;  the 
post  oak  and  Spanish  oak  do  not  occur  at  all  over  the  larger  part 
of  the  area;  and  the  red  oak,  shingle  oak,  and  chestnut  oak  become 
conspicuous  and  valuable  trees. 

The  forefts  of  the  lower  mountain^  are  separable  into  three 
divisions  :  (1)  that  in  which  the  Table  mountain  and  pitch  pines 
are  the  dominant  resinous  trees;  (2)  that  in  which  the  short-leaf, 
pitch,  and  scrub  pines  are  dominant ;  (3)  that  in  which  the  white 
pine  is  the  dominant  tree. 

TABLE    MOUNTAIN    PINE    DIVISION. 

The  area  in  which  the  Table  mountain  and  pitch  pines  are  the 
important  pine  timber  trees  embraces  the  eastern  and  southern 
slopes  of  the  Blue  Ridge,  with  the  outlying  spurs,  from  Georgia  to 
Virginia,  and  the  groups  of  the  Brushy,  South  and  Sauratown 
mountains.  With  these  pines  is  to  be  found  the  short-leaf  pine, 
which  becomes  more  abundant  as  the  elevation  decreases  and  the 
soil  become  deeper  and  less  rugged.  The  slopes  of  this  range  are 
steep ;  the  soils  are  shallow  loams  or  sandy  loams,  eroding  rapidly 
under  denudation,  and,  when  cleared,  restocking  slowly  on  the  ces- 
sation of  cultivation.  The  broad-leaf  trees  which  are  associated 
with  the  i)ines  are  chiefly  the  scarlet  and  chestnut  oaks  and  the 
chestnut.  These  form  alow,  open  growth,  seldom  exceeding  fifty 
or  sixty  feet  in  height.  There  is  no  underwood,  and  it  is  only 
occasionally  that  young  trees  are  found,  and  these  are  for  the  most 
part  stump  or  stool-shoots  from  trees  the  tops  of  which  have  been 
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killed  by  the  freqifeot  fires  which  ravage  these  forests.  Old  trees, 
particularly  oaks  and  chestnuts,  show  many  defects  from  these 
fires,  chiefly  short  and  limby  boles  and  hollows.  Pasturing  cattle 
and  ranging  swine  are  regularly  practiced  ;  firing  is  done  to 
improve  the  grass  crop  and  secure  young  stool-shoots  in  the  spring  ; 
and  to  clear  off  the  litter  before  the  fall  of  chestnuts  and  acorns 
in  the  autumn.  Locally,  white  pine  occurs.  Their  boles,  how- 
ever, are  short,  limby  and  frequently  defective,  the  heartwood 
being  subject  to  the  attack  of  Trametes  pini,  which  caused  defective 
stocks.  The  Carolina  hemlock,  the  bark  of  which  possesses  the 
same  tanning  properties  as  that  of  the  hemlock,  is  confined  for 
the  most  part  to  the  eastern  slope  of  the  Blue  Ridge.  Locally 
abundant,  it  is  found  at  intervals  along  this  mountain  chain,  to 
the  west  of  it  on  rugged  cliffs  along  the  north  and  south  forks  of 
the  Estatoe  river  in  Mitchell  county;  the  South  Fork  of  New 
river  in  Ashe  county;  the  gorge  of  the  Doe  river;  and  in  the 
southeastern  parts  of  Macon  and  Jackson  counties,  and  in  one 
locality  ovei  forty  miles  to  the  cast  of  this  range,  the  Sauratown 
mountains. 

In  the  deep,  narrow  hollows  which  indent  the  eastern  slopes  of 
the  Blue  Ridge,  the  black  walnut  grew  more  abundantly  and 
reached  a  larger  size  than  elsewhere  in  this  State  ;  but  it  has  been 
largely  removed,  and  there  are  now  only  a  few  small  trees.  Of 
the  locust,  yellow  poplar,  and  white  oak  which  grew  with  it,  only 
the  white  oak  is  still  standing  in  large  quantities.  The  timber  in 
the  hollows,  where  there  are  few  pines  and  but  occasional  hem- 
locks, has  been  less  damaged  by  fires  than  that  of  the  drier  and 
more  exposed  slopes.  Browsing  cattle,  however,  have  checked 
the  growth  of  most  of  the  young  broad-leaf  trees. 

MERCHANTABLE  TIMBER  OF  THE  TABLE  MOUNTAIN  PINE  BELT. 

There  is  now  comparatively  little  merchantable  timber  lying 
along  the  Blue  Ridge.  Locally  there  is  white  pine,  and  yellow 
pine  of  several  species  suitable  for  milling  purposes;  and  in  the 
hollows  some  yellow  poplar,  white  oak  and  chestnut  suitable  for 
lumber.  White  oak  and  chestnut  oak  railway  tie-timber  is  abun- 
dant, and  large  quantities  of  white  and  chestnut  oak  tan  bark  are 
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obtainable.  Lumber  mills  obtaining  their  logS  from  these  forests 
are  in  operation  at  Lenoir  and  Hickorj',  and  smaller  mills  else- 
where. A  tannery  at  Morganton  depends  on  these  forests  largely 
for  its  oak  bark.  Fires  have  damaged  these  forests  more  than 
those  of  any  other  part  of  the  State  except  the  pine  woods  of  the 
southeastern  counties. 

The  forests  cover  nearly  the  entire  area.  The  farms  are  few 
and  confined  almost  entirely  to  the  narrow  alluvial  bottoms;  a 
few  clearings  have  been  made  on  the  more  gentle  slopes  or  broader 
rounded  crests.  Some  bottoms  have  been  permanently  damaged 
by  washing  during  floods  and  the  deposition  of  a  heavy  mud  sedi- 
ment on  the  surface  of  the  loams.  Old  fields  are  seeded  chiefly 
by  the  short-leaf,  scrub  and  northern  pitch  pines ;  less  frequently 
by  the  white.  Sometimes  they  are  all  mixed.  Such  second 
growth  is,  however,  inconsiderable. 

The  forests  are  capable  of  producing  pine — short-leaf,  and  some 
white — together  with  chestnut  oak  on  the  slopes  and  crests  ;  while 
walnut,  yellow  poplar,  white  oak  and  locust  reach  a  large  size  in 
the  hollows. 

IMPROVEMENT  OF  THE  FORESTS. 

A  complete  cessation  of  the  present  annual  firing  is  necessary, 
not  only  to  insure  the  possibility  of  a  vigorous  stand  of  young 
trees,  but  to  afford  protection  to  the  standing  stock.  Pasturage 
should  not  be  permitted  in  such  portions  of  the^forest  as  contain 
young  growth  that  can  be  injured.  Hogs  must  be  excluded  after 
seed-years  of  nut-bearing  trees.  As  there  is  now  very  little  mer- 
chantable timber  on  the  ridges,  all  management  should  have  for 
its  object  the  improvement  of  the  general  condition  of  the  forest, 
regarding  both  density  and  preference  for  the  more  valuable  kinds 
of  trees.  Few  of  the  trees  on  the  ridges  will  form  large  merchant- 
able stocks;  their  utilization  extends  only  to  small  pine  milling- 
timber,  oak  railway  ties,  oak  and  Carolina  hemlock  tanbark,  small 
chestnut  and  locust  timber  for  posts  an^  construction. 

The  trees  naturally  growing  here  are  light-demanding,  except 
the  chestnut,  the  white  oak  and  white  pine,  all  of  which  will 
endure  some  shade;  the  chestnut  the  deepest  and  the  longest,  the 
white  pine  least  and  for  the  shortest  time. 
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The  chestnut,  chestnut  oak  and  the  white  oak  can  be  relied  on 
for  reproduction  from  stump  and  stool-shoots,  the  chestnut  sprout- 
ing most  vigorously  and  from  the  largest-sized  stumps,  and  the 
white  oak  least  vigorously  and  from  the  smallest  stumps.  The 
locust  frequently  sprouts  from  small  stumps,  also  from  suckers 
under  a  thin  cover. 

SHORT-LEAF    AND    PITCH    PINE    FORESTS. 

The  area  in  which  the  short-leaf  and  pitch  with  the  scrub 
(Jersey)  pine  are  the  dominant  resinous  trees,  embraces  the  basin 
of  the  French  Broad  river  in  Buncombe  and  Madison  counties, 
the  river-hills  of  the  Swannanoa,  those  of  the  Frencli  Broad  in  Hen- 
derson county,  and  the  lower  hills  in  Haywood,  Swain,  Jackson, 
Macon,  Cherokee  and  Graham  counties,  lying  below  an  elevation 
of  2,800  feet  above  sea  level.  The  surface  of  this  area  is  broken 
and  rugged,  the  hills  often  steep,  between  them,  along  the  rivers 
and  smaller  streams,  lying  narrow  alluvial  tracts.  The  lowest 
elevations  are  found  on  the  eroded  slopes  of  the  Asheville  basin 
and  along  the  waters  of  the  Little  Tennessee  river,  where  at  the 
lowest  limits  the  altitude  is  not  over  2,000  feet. 

The  upland  soils  are  stiff,  mostly  even-grained  loams,  rarely 
t^andy.  Although  generally  deep  and  derived  from  disintegration 
in  fiiiu  of  gneiss,  or,  in  Cherokee  and  Graham  counties,  3lates, 
they  are,  on  the  whole,  not  fertile  ;  those  of  the  lowlands  are  rich 
!>edimentary  loams  with  much  vegetable  matter  along  the  smaller 
streams;  along  the  larger  streams  are  loams  similar  to  those  on 
the  smaller  ones,  but  more  sandy  and  less  fertile. 

The  hills  erode  rapidly  on  their  shoulders  when  unprotected. 
Old  fields,  however,  are  generally  quickly  seeded  in  native  grasses, 
which  form  a  retentive  turf,  and  after  a  longer  time  pines  appear. 

The  short-leaf,  pitch  and  scrub  (Jersey)  pines  are  ^he  character- 
istic conifurs.  The  broad-leaf  trees  which  grow  with  them  are 
chiefly  the  white,  black,  scarlet  and  chestnut  oaks,  chestnut,  and 
hickory.  Of  these  the  white  oak  is  first  in  numbers  and  iTnport- 
ance.  It  forms  from  .1  to  .5  of  the  entire  forest,  being  most 
abundant  along  the  slopes;  black  oaks  and  pine  superseding  it 
towards  tjie  crests ;  other  broad-leaf  trees  toward    the   bottoms. 
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The  pines  form   from   .1   to   .3  of  the  forest,  being   in  greatest 
abundance  in  the  Asheville  basin  and  at  the  lower  elevations. 

CONDITION  OF  THE  PINE  FORESTS. 

The  short  leaf  and  pitch  pine  forest  covers  a  little  more  than 
one-halfof  the  area,  and  is  largely  of  these  pines  mixed  with  broad- 
leaf  trees  less  than  one-twentieth  of  the  Forest  being  pure  pine 
regrowth  in  old  fields.  It  is  divided  chiefly  among  snjall  farms. 
On  the  uplands  it  is  decidedly  irregular,  the  cover  broken  by  the 
indiscriminate  removal  of  mature  trees,  the  young  growth  beneath 
representing  all  ages.  Where  pastured  and  burned  the  forest  floor 
is  poor  and  the  young  growth  not  abundant.  On  the  besr^t  soils 
these  trees  attain  an  average  height  of  from  60  to  80  feet:  on  the 
poorer  and  along  the  sandier  crests  from  50  to  70  feet,  the  pines 
being  the  taller  on  the  poorer  soils  but  being  overtopped  or  equaled 
4n  height  by  the  broad-leaf  trees  it)  more  fertile  situations.  The 
density  is  generally  less  than  three-fourths  oK  what  it  should  be, 
natural  reproduction  being  prevented  b}'  excessive  and  injudicious 
lumbering,  pasturage,  and  burning.  In  many  places  the  mature 
pines  have  been  largely  removed,  oaks  taking  their  places,  but 
where  there  has  been  no  burning  many  young  pines  are  to  be  seen. 
The  milling  poplar  and  oak  have  been  largely  removed  ;  poplar, 
from  its  shade-demanding  requirements,  the  fact  that  the  young 
plants  are  eagerly  sought  for  by  browsing  cattle,  and  the  removal 
to  a  great  extent  of  the  seed-bearing  trees,  is  reproducing  itself 
only  to  a  limited  degree  ;  the  chestnut,  the  white  oak,  black  oak, 
and  scarlet  oak  more  freely. 

Where  the  woodland  has  been  protected  for  a  great  many  years 
the  mature  timber  shows  little  damage  from  fires  or  the  eflects  of 
pasturing;  there  are  only  a  few  localities,  however,  where  this  is 
the  case.  •  Black  oaks  and  chestnuts  often  have  hollows  from  fires  ; 
more  rarely  pines  and  white  oak. 

The  merchantable  timber  still  standing  is  chiefly  valuable  as  a 
source  of  supply  for  the  numerous  farms  to  which  the  woodla^jd  is 
attached  and  the  small  towns  lying  near  them. 

At  present  the  forest  is  about  exhausted,  so  far  as  the  milling 
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pine  and  yellow  poplar  is  concerned.     Oak  and  chestnut,  though 
chiellj  of  a  small  size,  are  still  to  be  obtained. 

The  forest  is  capable  of  yielding  milling  timber,  fuel,  railway 
ties,  and  fencing,  for  most  of  which  a  local  market  can  be  found. 

IMPROVEMENT  OF  THE  FORESTS 

Protection  from  lire  and  cattle  should  be  afforded  where  this  is 
not  already  done.  Defective  trees,  or  those  of  inferior  kinds, 
which  are  interfering  with  young  growth  beneath  them  should  be 
removed.  Proximity  to  farms  will  generally  allow  this  to  be  done 
as  such  wood  can  be  made  use  of  as  fuel.  The  growth  should  be 
allowed  to  thicken  up  to  restore  the  humus  and  give  the  requisite 
shade. 

Most  of  the  land  here  is  too  tbroken  to  permit  clean  cuttings 
without  danger  of  great  injury  to  the  soil.  Pure  growth  of  pine, 
on  the  gentler  slopes  could,  howeVer,  be  cut  without  danger  0$ 
excessive  washing.  Naturally  the  forest  requires  selection  cut- 
ting. 

The  pines  and  yellow  poplar  require  reproduction  in  all  cases 
from  seed.  To  supply  smaller  wood  for  fuel  and  farm  use  most  of 
the  broad  leaf-trees  can  be  reproduced  from  stool-shoots. 

Fields  are  seeded  by  pines  and  to  some  extent  by  locust ;  rarely 
by  nut-bearing  trees.  The  yellow  poplar  will  propagate  in  thin 
woods  on  a  damp  soil  as  the  seedlings  require  some  shade.  The 
short-leaf  is  the  most  valuable  of  the  pines,  and  though  at  first 
not  the  most  rapid-growing,  the  Jersey  or  scrub  out  growing  it, 
should  be  protected  at  the  expense  of  the  others  if  it  is  intended 
to  permit  the  trees  to  reach  a  large  size. 

WHITE    PINK    FORESTS. 

The  woodland  in  which  white  pine  is  the  dominant  coniferous 
tree  is  not  extensive,  but  lies  in  isolated,  small  bodies  along  the 
crest,  and  southern  and  eastern  slopes  of  the  Blue  Ridge,  or  on  the 
low  hills  on  the  west. 

The  most  extensive  forests  containing  white  pine  lie  in  the 
southeastern  part  of  Ashe  county,  extending,  though  interrupted. 
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up  the  valley  of  the  South  Fork  of  New  river  into  Watauga 
county ;  in  the  upper  valley  of  the  Linville  river  in  Mitchell 
county  ;  in  the  valley  of  the  French  Broad  river  in  Transylvania 
county  ;  and  in  the  southern  parts  of  Macon  and  Jackson  coun- 
ties, at  an  elevation  of  2,800  to  3,800  feet  above  sea  level,  exten- 
sive forests  seldom  being  found  above  the  higher  limit,  or  perfect 
individual  development  attained  below  the  lower.  The  total  area 
of  white  pine  forest  is  not  over  200,000  acres. 

In  a  few  places  on  the  southern  slope  of  the  Blue  Ridge,  par- 
ticularly along  the  headwaters  of  the  Elk,  Yadkin,  and  Roaring 
rivers  in  Wilkes  and  McDowell  counties,  and  the  upper  valley  of 
the  Johns  river,  the  white  pine  is  associated  with  yellow  pines  as 
well  as  with  deciduous  trees,  but  the  trees  are  generally  short- 
boled  and  neither  so  large  nor  tall  as  those  growing  at  a  higher 
elevation  to  the  west  of  this  range. 

Single  specimens  or  small. groups  of  trees  are  locally  dispersed 
in  the  broad-leaf  forests  throughout  the  mountain  counties 
between  the  limits  of  altitude  given  above.  Their  value,  how- 
ever, is  j)otential  rather  than  actual,  since,  growing  on  the  thin- 
soiled  crests  of  ridges  and  failing  to  develop  clear  shafts,  they  lack 
the  essential  requirements  of  timber  trees  ;  but,  as  possible  sources 
for  the  dissemination  of  seed  either  in  denuded  land  or  in  thinned 
woodland,  especially  where  pastured,  their  utility  may  become 
great.  Such  groups  of  trees  are  to  be  found  in  Alleghany, 
Madison,  Haywood,  and  Graham  counties,  besides  in  portions  of 
other  counties  in  which  bodies  of  more  compact  growth  occur. 

The  white  pine  is  generally  associated  with  white,  black,  red, 
and  less  often,  scarlet  and  chestnut  oaks,  chestnut,  and  hickory, 
when  growing  along  the  crests  or  flanks  of  rolling  hills,  on  coarse, 
often  porous,  gravelly,  loamy  soils;  or  less  frequently  with  hem- 
lock, sweet  and  yellow  birch,  red  oak,  and  pitch  pine  along  moist 
or  wet  fluvial  deposits  on  fertile,  loamy  soils. 

CONDITION  OF  THE  WHITE  PINE  FORESTS. 

In  some  localities  these  forests  have  been  extensively  culled  or 
lumbereJ  :  in  others,  their  integrity  is  as  yet  scarcely  broken. 
Where  they  have  not  been  dismembered    two  groups  of  trees  are 
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represented  :  white  pine,  forming  an  upper  group,  from  100  to  150 
feet  in  height,  and  nsnally  .1  to  .3  of  the  growth  ;  beneath  this, 
a  group  of  deciduous  trees  of  varying  height,  but  rarely  over  90 
or  less  than  70  feet,  composed  chiefly  of  white,  black,  and  chest- 
nut oak,  and  chestnut.  Of  these,  white  oak  is  the  most  abun- 
dant. 

Where  lumbered  they  are  irregular;  occasional  decrepit  white 
pines  overtopping  the  deciduous  growth,  which,  however,  has 
been  cut  into  only  locally;  but  where  around  settlements  both 
pine  and  hardwoods  have  been  culled  the  entire  cover  is  broken 
and  thin. 

One  of  the  eff'ects  of  pasturing  forest  lands  is  that  while 
young  plants  of  deciduous  trees  have  been  destroyed,  pines  have 
increased  ;  but  where  burning  is  practiced,  sourwood,  scarlet  oak, 
white  oak  and  other  vigorous  and  free  sprouters  have  propagated 
most  rapidly,  while  pines  have  diminished. 

In  a  few  places  a  heavy  underwood  of  the  great  laurel,  less 
commonly  of  laurel  (ivy),  grows  beneath  the  deciduous  trees,  form- 
ing a  thicket  10  to  15  feet  in  height,  with  many  crooked  stocks 
rising  from  the  same  burly  roots.  Where  this  underwood  is  pres- 
ent the  deciduous  growth  above  is  usually  more  open,  but  brows- 
ing cattle  have  inflicted  less  damage  on  young  growth  of  tender- 
leaf  species,  and  fires  are  less  frequent ;  the  humus  is  thick  and 
the  soil  uninipaired. 

There  are  only  few  farms  in  tiie  area  of  white  pine  forest; 
probably  less  than  20  per  cent,  of  the  total  acreage  being  under 
<!ultivation.  In  Ashe  and  Watauga  counties  the  forest  is  divided 
ehiefly  among  small  farms;  in  Mitchell  and  Macon  are  large  areas 
thinly  settled.  On  the  farms  the  woodland  has  been  more  largely 
culled  and  pastured,  and  its  density  will  seldom  be  above  two- 
thirds  of  the  normal  condition. 

A  few  groves  of  vigorous  young  pines  have  sprung  up  in  the 
fields  from  the  self-sowm  seed  of  neighboring  forest  trees ;  but 
such  groves  are  not  common.  Young  pines  are  increasing  in  the 
woodland  only  to  an  inconsiderable  extent.  Much  of  the  bottom 
land  on  which  this  pine  grows  has  already  been  deforested,  and 
it    is  probable   that   all   of  it  will   eventually   be  brought   under 
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cultivation,  as  the  soil  is  of  superior  quality  and  stands  tillage 
better  than  that  of  the  adjacent  hills.  The  forests  on  the  hills,, 
however,  should  be  regarded  as  permanent,  and  care  bestowed  on 
them  accordingly. 

Larger  pines,  being  protected  by  their  thick  bark,  are  damaged 
only  to  a  slight  extent  by  iires ;  young  ones  while  the  bark  is  yet 
smooth  are  more  readily  scorched  and  injured  and  sometime 
killed.  Oaks  and  chestnuts  show  hollows  from 'the  effects  of  fires,, 
particularly  along  ridges  and  in  dry  woods. 

MERCHANTABLE  TIMBER  OF  THE  WHITE  PINE  FORESTS 

Extensive  areas  of  unlumbered  forest  still  exist  in  Transylvania^ 
Macon  and  Mitchell  counties.  The  standing  trees  will  yield  fairly 
good  lumber,  though  it  is  seldom  that  over  two  cuts,  16  feet  in 
length,  from  which  clear  boards  are  obtainable,  can  be  secured 
from  one  tree.  Smaller  bodies  yielding  a  larger  proportion  of 
knotty  timber  are  standing  in  Wilkes,  McDowell,  and  Caldwell 
counties.  Lumbering  is  in  progress  in  Mitchell,  Caldwell,  and* 
Wilkes  counties. 

IMPROVEMENT  OF  THE  WHITE  PINE  FORESTS. 

At  the  higher  altitudes  these  forests  are  capable  of  producing 
pine  milling  timber  of  good  quality,  large  chestnut  and  oak  tim- 
ber, ties  and  fencing.  At  present  there  is  no  local  market.  Below 
2,000  feet  the  pines  fail  to  clear  their  stocks  and  the  growth  is 
slower,  so  that  very  little  lumber  free  from  knots  can  be  made 
from  any  trunk. 

In  places  where  there  is  young  growth,  protection  from  tire  and 
cattle  is  imperative.  Defective  seed-bearing  pines,  which  are  not 
seriously  interfering  with  young  growth,  should  be  allowed  to 
remain  as  seed-trees,  both  in  lumbering  and  where  culling  is 
carried  on.  It  is  essential  that  the  growth  be  maintained  at  the 
fullest  possible  density  until  the  young  pines  have  cleared  them- 
selves, as  otherwise  from  their  tendency  towards  perfect  symme- 
try in  the  development  of  most  of  the  buds  into  limbs,  the  boles 
will  be  limby  and  knotty.  As  the  young  trees  require  small  grow- 
ing-space, the  crowns  standing    much    lateral    compression   and 
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being  to  a  certain  extent  shade-bearing,  the  density  can  scarcely 
be  too  great  until  the  trees  reach  the  size  of  large  poles.  The  rate 
of  height-growth  is  more  rapid  than  that  of  any  of  the  associated 
species,  averaging  for  the  first  fifty  years  over  a  foot  of  height-growth 
a  year  ;  and  for  the  first  ten  years  nearly  18  inches  a  year,  so 
that  the  young  trees  quickly  free  themselves  from  the  shade  of 
broad-leaf  trees  when  growing  with  them. 

The  white  pine  seeds  many  old  fields,  but  not  so  quickly  or 
thoroughly  as  the  short-leaf  pine.  In  such  proves  of  pure  pine 
the  stand  should  be  kept  thick  and  should  not  be  culled  until  the 
height-growth  is  made.  If  grown  in  pure  wood,  selection  cutting 
would  best  preserve  the  factors  of  the  locality,  but  there  are  many 
places  where  clear  cuttinc:  would  be  permissible.  The  proportion 
of  pine  in  wood  mixed  with  broad-leaf  trees  can  well  be  increased 
to  twice  or  even  three  times  what  it  is  at  present,  as  it  is  the 
most  valuable  tree,  growing  on  these  gravelly  hills.  The  pine 
begins  to  seed  in  abundance  when  about  forty  or  forty-five  years 
old,  and  seed  are  borne  abundantly  once  in   2  or  3  years. 

THE  FORESTS  OF  THE  HIGHER    MOUNTAINS. 

These  forests  embrace  all  the  woodland  lying  at  an  elevation 
above  that  of  the  forests  of  the  lower  hills  and  below  5,000  feet. 
The  lower  limit  of  their  distribution  is  about  3,000  feet,  but  on 
southern  slopes,  particularly  along  the  Blue  Kidge,  the  distii»ct- 
ive  character  of  the  growth  does  not  appear  for  several  hundred 
feet  above  this  limit,  following  closely  the  isothermal  with  the 
variation  incidental  to  changes  in  moisture  in  the  soil,  depth  of 
soil,  and  its  physical  characters. 

The  greater  part  of  the  woodland  of  the  counties  of  Alleghany, 
Ashe,  Watauga,  Mitchell,  and  Yancey  is  so  situated  ;  and  in  the 
mountain  region  to  the  south  of  these  counties,  the  woodland 
lying  around  the  base  and  on  the  slopes  of  the  larger  mountain 
masses. 

About  one-third  of  the  area  originally  occupied  by  these  for- 
ests is  now  under  tillage  or  in  meadow;  the  rest  is  more  nearly 
virgin  than  any  other  considerable  extent  of  forest  to  be  found  in 
this  State.     The  situation,  on  steep  slopes  or  ragged  declivities, 
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the  distance  from  large  waterways,  and  the  inaccessibility  of  the 
region  to  railways,  has  rendered  it  impossible  to  economically 
remove  any  but  the  most  valuable  timbers  ;  while  difficulty  of  til- 
lage, and  the  short  growing-season  have  tended  to  prevent  exten- 
sive cultivation  of  those  lands  lying  above  3,500  feet  elevation. 

SOILS    OF    THE    HIGHER    MOUNTAINS. 

The  soils  are  rather  fine  and  even-grained  loams,  gray  or  red 
in  color,  or  black  from  organic  ingredients;  the  loamy  and  gen- 
erally stiffer  sub-soils  red  or  gray.  Over  the  larger  part  of  the 
area  they  are  derived  from  the  decomposition,  in  situ,  of  gneiss  or 
gneissic  rocks  or  schists,  and  are  sufficiently  deep  for  tree-growth, 
particularly  along  the  lower  slopes,  where  detritus  washed  from 
above  has  accumulated  or  obscurely  marked  river  terraces  exist. 

In  portions  of  Cherokee  and  Graham  counties,  and  locally  else- 
where, the  soils  derived  from  elates,  qnartzite  and  metamorphosed 
sandstones  are  shallower,  thlrtii^r  and  not  so  favorable  to  tree- 
growth.  The  soils  of  the  upper  slopes  are  thinnest,  the  clayey 
particles  being  more  largely  washed  out,  and  are  sometimes  shal- 
low. Those  of  the  sedimen^tary  bottoms  are  more  loamy  and 
coarser,  with  more  organic  constituents  and  less  clayey,  sometimes 
underlaid  by  pipe  clay,  and  ill-drained.  The  soils  of  the  lower 
slopes  are  generally  deep  and  are  the  most  clayey. 

FOREST    TREES    OF    THE    HIGHER    MOUNTAINS. 

The  forests  of  the  high  mountains  may  be  divided  into  (1)  those 
lying  on  the  crests,  and  on  the  slopes  facing  the  south,  and  (2) 
those  of  the  north  slopes  and  hollows,  and  along  the  bottom  lands. 
The  soils  of  south  hill-sides  are  drier  and  are  thinner  than  those 
on  slopes  with  a  northerly  aspect,  and  the  amount  of  light  and 
heat  is  greater  than  is  secured  on  hill-sides  with  equal  inclination 
to  the  north,  and  the  trees  are  consequently  of  more  light-demand- 
ing kinds. 

The  trees  occurring  on  the  slopes  facing  the  north  and  in  the 
hollows  are:  hemlock,  birches,  maples,  beech,  chestnut,  red  oak, 
white    oak,  great    laurel,    yellow    poplar,  white  ash,    cucumber, 
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buckeye.  The  characteristic  trees  which  are  to  be  found 
on  the  northern  slopes  and  hollows  are:  hemlock,  great  laurel, 
sweet  birch,  yellow  birch.     (Plate  XXIII.) 

On  the  southern  slopes  and  along  the  gravelly  crests  of  the  hills 
the  growth  is  less  vtiried,  being  largely  composed  of  chestnut, 
white  oak,  red  oak,  black  oak,  and  chestnut  oak.  The  forest  on 
southern  slopes  is  less  dense  than  on  northern  and  the  trees  are 
smaller. 

CONDITION    OF    THE    FORESTS. 

The  cover  of  these  forests  has  scarcely  been  broken,  the  tops  of 
the  trees  presenting  a  nearly  uniform  surface  throughout,  the 
crowns  closely  interlocking  and  forming  a  dense  shade.  Beneath 
them  is  a  good  floor,  usually  free  from  grass  and  weeds  and  gen- 
erally with  a  deep  humus. 

On  the  best  soils  along  the  lower  slopes  and  bottoms  the  forests 
attain  an  average  height  of  from  90  to  120  feet,  with  clear  shafts  of 
60  to  90  feet, 'bearing  narrow  crowns.  On  the  poorer  and  thinner 
soils,  particularly  towards  the  upper  slopes,  the  forests  become 
low  and  less  dense,  the  cover  often  thin  and  open,  the  boles  of  the 
trees  shorter,  generally  crooked  and  knotty,  bearing  great  spread- 
ing crowns.  • 

In  very  many  places  there  are  two  groups  of  trees  represented 
in  the  forest :  a  dominant  arborescent  growth  of  large  trees  varied 
as  to  species  and  forming  the  commercially  valuable  timbers  ; 
beneath  them  a  group  of  evergreen  shrubs  or  under-trees,  often  of 
great  density,  formed  of  the  great  rhododendron  and  laurel.  In 
most  places  there  is  present  a  vigorous  young  growth  of  the  domi- 
nant group  of  trees  if  they  are  shade-bearing  species  :  beech, 
birch,  and  hemlock  on  the  wetter  soils  ;  sugar  maple  and  occasion- 
ally red  oak  on  the  drier,  the  young  growth  forming  thickets, 
sometimes  of  pure  growth,  beneath  the  parent  trees;  but  where 
the  cover  has  been  broken  by  trees  being  removed  in  lumbering 
or  by  windfalls,  irregular  thickets  of  light-loving  species  spring 
up:  chestnut,  cucumber  tree,  yellow  poplar,  white  ash,  white  and 
red  oaks,  which  can  endure  a  deep  shade  only  for  a  short  time. 

Browsing  cattle  have  damaged  young  growth  to  a  great  extent, 
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especially  snch  kinds  as  will  not  endure,  beneath  the  shade  of 
other  trees,  repeated  cropping:  yellow  poplar,  white  ash  and 
oak  ;  sngar  maple  and  beech  to  a  less  degree.  In  many  places 
abont  fallen  trees  and  the  openings  made  in  lumbering,  where 
there  would  be  a  heavy  young  stand,  cattle  have  prevented  its 
growth  until  thickets  of  brambles  have  sprung  up  within  which 
young  seedling  trees  find  protection. 

Forest  fires  have  inflicted  only  slight  injury  either  to  standing 
timber  or  to  young  growth  on  the  northern  slopes,  as  the  damp 
or  fresh  humus  does  not  readily  carry  fire,  but  on  the  south  sides 
much  timber  has  been  damaged. 

MRKCHANTABLE    TIMBER    OF    THE    HIGHER    MOUNTAINS. 

Merchantable  trees  of  walnut  and  cherry,  which  have  been 
much  sought  after  for  cabinet-making  have  been  nearly  all 
removed.  Occasionally  large  trees  of  the  former  kind  are  to  be 
found,  and  a  few  small  boaies  of.  the  latter  still  exist  upon  the 
higher  mountains.  Yellow  poplar  and  cucumber-tree,  being  the 
<ihief  building  materials  of  the  region,  have  largely  been  removed  ; 
large  bodies  are  still  to  be  found,  however,  intact,  particularly  in 
Yancey,  Mitchell,  and  Transylvania  counties,  and  smaller  ones  in 
many  other  places  in  the  mountains.  Floating  timbers,  white 
pine,  yellow  poplar,  ash  and  chestnut  have  been  largely  removed 
from  the  lower  valley  of  the  French  Broad  to  supply  mills  at 
Asheville.  Oak  has  been  cut  nowhere  except  for  local  use.  The 
Little  Tennessee  river  and  its  tributaries  have  had  much  of  the  float- 
ing timber  removed  from  them  near  the  water  courses.  Hemlock 
has  been  cut  only  around  Cranberry  and  adjacent  to  some  of  the 
larger  water  courses.  Ash  has  been  generally  removed  wher- 
ever means  of  transportation  were  available.  Birch,  except 
curly  yellow  birch,  has  never  beerx  lumbered,  and  the  same  is  true 
of  maple,  beech,  and  lin  (basswood). 

Chestnut  has  been  locally  removed.  Around  all  settlements 
and  farming  communities  a  great  portion  of  the  oak,  chestnut  and 
poplar  has  been  removed,  and  the  forests  are  much  broken. 

FOREST    INDUSTRIES    OF    THE    MOUNTAIN    REGION. 

There  are  mills  sawing  lumber  at  Linville,  Cranberry,  Asheville 
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and  Hot  Springs  jvnd  small  ones  along  and  near  the  railways.  The 
Watauga,  Toe,  Little  Tennessee  river  and  its  tributaries  afford 
transportation,  the  timber  going  ^  various  places  in  East  Ten- 
nessee, chiefly,  though,  tc  KnoxviUe.  Hemlock  is  barked  around 
Cranberry  for  tanneries  at  Elizabethton,  Tenn.,  and  chestnut  oak 
is  barked  around  Asheville  for  local  tanneries.  No  use  is  made 
of  the  hemlock  stocks  after  they  have  been  barked  ;  the  oak  is 
converted  into  cordwood  and  sold  for  fuel.  Walnut,  curly  ash 
and  curly  birch  are  shipped  in  the  log  to  veneering  factories.  The 
best  quality  of  yellow  poplar,  ash,  and  oak  timber  from  here  goes 
chiefly  to  Philadelphia  and  Cincinnati,  and  other  inland  points, 
«awn  in  8  to  12  inch  squares.  Locust  pins  are  manufactured  at 
Bryson  City,  Waynesville  and  other  places.  Only  a  few  staves 
are   made  and   not  many   white  oak   railway  ties  are  produced. 

In  the  more  remote  districts  birch  oil  (oil  of  wintergreen)  from 
the  sweet  birch  is  distilled  in  crude  home-made  retorts,  constructed 
of  wood,  lined  with  clay  and  with  metal  bottoms.  This  was  an 
extensive  and  profitable  industry  until  overproduction  reduced 
the  price.     The  timber  of  trees  thus  barked  is  rarely  used. 

Among  other  smaller  industries,  which  are  carried  on  with 
moie  or  less  profit,  are  keeping  bees,  in  sections  where  the  sour- 
wood,  yellow  poplar  and  lin  are  abundant,  to  utilize  their  flowers 
for  honey;  the  sale  of  nuts  from  the  native  chestnut ;  and  the 
manufacture   of  syrup  and  sugar  from  the  maples. 

THE  FORESTS  OP  THE  MOUNTAIN  SUMMITS. 

The  black  spruce  is  the  characteristic  tree  of  tliese  forests. 
With  it  is  generally  associated  the  Carolina  balsam,  the  lower 
limit  of  which  is  about  300  feet  above  that  of  the  black  spruce. 

The  mountain  ash  (mountain  sumach),  striped  and  spiked 
maples  and  wild  red  cherry  are  small  broad-leaf  trees  which  are 
usually  found  growing,  thougfi  not  abundantly,  with  the  balsam 
and  spruce. 

These  forests  of  sombre  evergreens  lie  along  the  summits  of  the 
highest  mountains,  seldom  being  found  on  peaks  with  an  eleva- 
tion of  less  than  5,500  feet  above  sea  level.  They  cap  the  Grand- 
father and  the  adjacent  pinnacle  of  the  Grandmother  ;  encircle  in 
a  great   belt   the  rounded    bald  of  the  Roan  ;  stretch  along    the 


224  KOREBTB  OF  NORTH  CAROLINA. 

numerous  massive  peaks  of  the  Blacks  from  Bolen's  Pyramid  to 
the  Pinnacle  ;  lie  on  the  top  of  Pisgah  ;  cover  the  crests  and  upper 
slopes  of  the  Great  Smoky  mountains  and  the  cross-chain  of  the 
Balsams  as  a  nearly  continuous  forest  for  a  distance  of  almost 
thirty  miles,  and  crown  the  tops  of  the  higher  peaks  of  the  south- 
ern parts  of  Macon  and  Jackson  counties.  From  their  dark  foliage 
the  Blacks  and  Great  Smoky  mountains  derive  their  names,  and 
the  Balsam  mountains  from  the  growth  upon  them.  The  lower 
limits  of  the  forests  lie  on  an  average  above  5,000  feet  above  sea 
level,  or  a  little  less.  On  north  slopes,  within  deep  and  cool  hol- 
lows, they  extend  as  low  as  4,700  on  the  Grandfather  mountain, 
4r,600  feet  at  the  head  of  Caney  river  in  the  Blacks,  and  4,500 
feet  at  the  head  of  Forney's  creek  in  the  Great  Smoky  mountains, 
while  on  bold  south  slopes,  as  occur  in  the  Blacks  and  elsewhere, 
the  broad-leaf  trees  will  often  extend  as  high  as  5,300  or  5,500 
feet. 

Commercially  these  forests  are  at  present  unimportant. 
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Oak  flats  soils  of. 171 

timber  of 172 
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Olive,  American 21 

Osmantbus  amerlcana 21 
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Papaw 41 

Persea  borbonia 26,  74 

borbonla  pubescens ^6 

Persimmon 27,68 

Peruvian 68 

Plceanlgrra , 133 

Piedmont  plateau  divisions,  see  forest. 
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spruce 128, 130, 134,  135 

Table  mountain 18, 12« 

yellow 130 

Pinus  echinata 130 

niitls 13U 

palustris 131 

pungens 129 

riglda 126 

serotlna 127 

tffida 126 

strobus 123 

vlrglnlana 128 

Planer  tree 28 

Platanus  occldentalis *J1 

Plum,  wild 27 

Poplar 117 

Carolina 11^ 

yellow 2:},  3y 

Populus  grandldenta ll^ 

heterophylla ll^ 

monlilfera ll** 

Prickly  ash 1« 

Prun  us  amerlcana 27 

angustifolia 27 

caroUniautt 26 

pennsylvanica ^ 

serotlna ^^ 

Pynis  amerlcana 20 

angustlfoUa 27 

coronaria 27 

C^uercus  alba ^i^ 

aquatica 105 

brevlfoUa 107 

cutesba^L 1^ 

clnerea 107 

cocclnea iW 

cuneata 103 

dlKitata U« 

heterophylla 25 

Imbrlcaria 107 

laurifolia 106 

leaua -24 

lyrata V2 

niarllandica 104 

mlchauxli 16 

minor Ul 

nigra 104, 105 
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Quercus  phellos - lOH 

priuus 83 

rubra 07 

texana 88 

tlnctoria 101 

velutina 101 

vlrens 86 

vii'giulana fl6 

Kainfall 141,142 

Kedbay 26,74 

Hedbud ^,57 

Red  cedar 18, 121 

Red  gum 61 

Rhododendron 68 

Rhododendron  maximum 68 

Robinla  pseudacacia 54 

vlscosa 56 

Sabal  palmetto 136 

Salix  nigra 116 

Sandstone  belt,  forests  of 181 

Sassafras 26,  75 

Sassafras  sassafras 76 

Service  tree 27, 60 

-"*--"  ^  T^^  60 

Mi-rr  i^Tir  pirif 18,  IHO 

Mlveiiieil  trBt*. 70 

Sinivv<l  L  nj>  tree 28,  70 

.Worrell  tree. 66 

Sourwrjt>il 66 

SprucL\  black 18, 133 

Spruce  pine ..-. 128, 130,  134, 136 

Soils,  see  forests 

SuH»r  tree      50 

Swaniip.''.  -■  .        .  iio  cedar,  gum  and  cy- 
))ress,  and  oak  flats. 

of  coastal  plain 169 

of  Piedmont  plateau 1S2 

Sweet  bay 28, 145, 148 

smooth 26, 145, 146,  148 

Sweet  gum 23,  61 

Sweet  birch 28 

Sycamore 23,81 

Taxodlum  distichum 122 

dlstichum  Imbrlcaria 19 

Temperature,  annual,  of  forest  regions 

141, 142 

Thorns  (haw) 27 

I  huja  occidentalls 118 

TiUa  amerlcana 43 

heterophylea 45 

pubescens 44 

Transitional  forests 168 

Tsuga  caroliniana 135 

canadensis 134 

Tulii>-tree 2:3,  :{8 

Tupelo  gum 26.  65 

rimus  alata 77 

amerlcana 76 

lulva 78 

Umbrella  tree 24,  37 

Viburnum .22 

Virgllla 56 

Wahoo 38,  77 

Walnut,  black Jl,  Ki 

white 21,82 

Water  beech 113 

White  pine 18,  V^\ 

forests 215 

treatment  of 218 

Whitewood 38 

Wicky  67 

Willow 116 

black .27, 116 

glaucous 2S 

river 116 

Ward 28 

Yellow  poplar 23 
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LETTER  OF  TRANSMITTAL. 

Raleigh,  N.  C,  January  31,  1895. 
To  hifi  Excellency,  Hon.   Elias  Carr, 

Governor  of  North  Carolina, 
Sir: — I  have  the  houor  to  submit  herewith  for  publication  as 
Bulletin  No.  7  of  the  Survey  series,  a  paper  by  Mr.  W.  W.  Ashe, 
on  the  subject  of  Forest  Fires  in  North  Carolina;  their  destructive 
work,  causes  and  prevention. 

It  is  earnestly  hoped  that  the  people  of  the  State  can  be  induced 
to  give  this  subject  the  careful  consideration  which  it  deserves, 
and  that  such  measures  can  be  adopted  as  will  greatly  decrease 
both  the  number  and  extent  of  these  fires. 

Yours  obediently, 

J.  A.  Holmes, 
Sixite  Oeologist 


INTRODUCTION. 


The  object  which  it  is  hoped  will  be  accomplished  in  the  publi- 
cation of  this  bulletin  is  to  place  in  the  hands  of  the  more  intelli- 
gent citizens  of  the  State  facts  showing  the  extent  to  which  our 
forests  are  being  injured  by  11  res,  and  the  importance  of  adopting 
such  measures  as  will  check  or  stop  this  great  evil. 

Nothing  better  illustrates  the  state  of  public  opinion  in  North 
Carolina  on  the  subject  of  forest  fires  than  that  the  fact  that  the 
State  law  prohibiting  such  fires,  except  under  certain  conditions, 
has  remained  on  the  statute  books  practically  unchanged  and 
unenforced  for  more  than  a  century.  And  nothing  more  forcibly 
illustrates  the  destructive  work  of  these  fires  than  the  fact  that 
whereas  the  long-leaf  pine,  which  has  for  so  long  a  time  supplied 
both  lumber  and  naval  store  products,  a  century  ago  was  a  com- 
mon tree  throughout  the  whole  of  eastern  North  Carolina,  now  it 
is  almost  unknowui  north  of  the  Neuse  river;  and  south  of  this 
river,  at  its  present  rate  of  destruction,  in  two  decades  more  it 
will  cease  to  be  a  tree  of  economic  importance.  Of  course  the 
lumbermen  have  made  great  inroads  on  the  long-leaf  pine  forests. 
But  even  of  the  full  grow^n  trees  the  fires  have  destroyed  more 
than  the  lumbermen  have  cut;  and  so  completely  have  these  fires 
destroyed  the  young  growth  of  long-leaf  pine  that  in  many  counties 
scarcely  a  specimen  can  now  be  found  to  indicate  where  once  grew 
valuable  forests  of  this  tree. 

Among  the  hardwoods  or  deciduous  trees  of  the  middle  and 
western  counties,  during  the  century,  the  fires  have  been  of  incal- 
culable damage  to  the  forests,  and  in  w*ays  that  appear  to  attract 
but  little  attention  :  (1)  They  have  injured  the  mature  trees  at  their 
bases,  causing  them  to  decay  and  die;  (2)  they  have  destroyed  the 
young  growth  of  the  less  hardy  (but  sometimes  more  valuable) 
varieties;  (3)  in  case  of  the  more  hardy  varieties  the  young  growth 
has  been  frequently  killed  to  the  ground,  and  the  new  sprouts  from 
the  roots  have  imperfect  bases  and  make  subsequently  imperfect 
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trees;  (4)  these  fires  destroy  the  humus  on  the  surface  of  the  soil, 
and  thereby  seriously  injure  its  productive  capacity. 

The  injuries  resulting  from  forest  fires  are  thus  so  manifold  and 
extensive  that  it  is  difficult  to  estimate  them  accurately  on  a  money 
basis.  But  adding  to  the  estimate  given  on  pages  53  and  54  of 
this  report  the  damage  resulting  from  the  destruction  of  the 
young  growth  and  the  humus,  the  aggregate 'damages  will  doubt- 
leas  be  several  miUion  dollars  per  annum. 

Many  of  the  forest  fires  have  accidental  origins,  such  as  sparks 
from  locomotives  or  other  engines,  hunting  parties  or  camping 
parties  at  night,  or  from  burning  brush  piles  during  the  day.  But 
it  is  estimated  that  at  least  two-thirds  of  these  fires  are  of  inten- 
tional origin,  and  in  the  majority  of  such  cases  the  object  that  is 
expected  to  be  gained  in  starting  the  fires  is  the  improvement  of 
the  pasturage.  In  some  cases  the  result  of  the  burning  may  be  a 
temporary  improvement  in  that  direction,  but  it  must  be  borne  in 
mind  that  these  fires  also  destroy  much  of  the  grass  and  annual 
and  perennial  herbs  and  shrubs,  by  burning  both  the  seeds  and 
the  plants,  and  that  in  this  way,  in  the  long  run,  even  the  pastur- 
age in  the  forest  is  injured  rather  than  improved  by  these  repeated 
fires.  Unquestionably  the  wisest  policy  to  adopt,  and  the  policy 
that  has  been  adopted  in  all  civilized  countries,  is  to  provide  grass 
lands  for  the  pasturage  of  cattle,  and  protect  the  forests  against 
fires  and  all  other  destructive  agencies,  because  of  their  value  as 
forests. 

The  total  value  of  the  forest  products  in  North  Carolina,  as 
shown  on  pages  40  and  41,  will  range  from  $20,000,000  to  $25,- 
000,000  per  annum.  The  total  value  of  all  the  cattle  in  the  State 
is  about  $5,000,000 — a  sum  which  is  only  between  one-fourth  and 
one-fifth  of  the  annual  value  of  the  forest  products ;  a  sum  but 
little  if  any  greater  than  the  amount  of  the  annual  damages  to 
the  forests  of  the  State  caused  by  fires. 

It  must  also  be  borne  in  mind  in  this  connection  that  while  the 
total  yearly  growth  of  our  forests  is  equivalent  to  about  9,000,000 
cords  of  wood,  the  amount  of  timber  now  annually  cut  from  these 
forests  is  equivalent  to  11,000,000  cords.  We  are  thus  not  only 
using  the  interest  on  this  forest  investment,  but  are  making  rapid 


H  INTRODUCTION. 

inroads  on  the  principal.  In  the  eastern  counties  we  are  cutting  pine 
forests  to  replace  which,  from  the  seed,  will  require  from  fifty  to  one 
hundred  years:  while  in  the  western  counties  it  will  require  from 
one  to  three  centuries  to  replace  the  splendid  hardwood  forests 
of  the  rich  mountain  slopes. 

The  bare  statement  of  these  facts  ought  to  bring  us  at  once  to  a 
realization  of  the  truth  that  the  protection  and  perpetuation  of 
our  forest  wealth  deserve  far  more  consideration  than  they  have 
received.  The  right  of  the  present  generation  to  use  the  mature 
trees  of  the  existing  forests  no  one  will  deny;  nor  will  any  reason- 
able man  deny  that  the  younger  forest  growth  of  to-day  should  be 
preserved  as  the  rightful  heritage  of  the  next  generation.  And 
yet,  in  the  treatment  of  our  timber  lands,  this  latter  principle 
appears  to  be  lost  sight  of  entirely. 

It  is  to  be  hoped  that  this  matter  will  be  taken  up  by  the  press 
of  the  State — by  the  more  intelligent  citizens  of  every  county  and 
by  the  lumbermen  themselves,  who,  as  much  as  any  other  class, 
are  to  be  benefited  by  the  perpetuation  of  our  forests — and  that 
the  agitation  may  be  continued  until  forest  fires  are  of  rare  occur- 
rence, and  until  every  sale  or  lease  of  timber  rights  will  be  con- 
ditioned on  a  rigid  protection  of  the  young  forest  growth  against 
the  ax  and  all  other  destructive  agencies 

If  such  a  wise  policy  is  promptly  and  permanently  adopted  the 
forests  of  the  State  may  continue  for  centuries  to  be  a  source  of 
wealth  to  her  people.  If,  on  the  other  hand,  the  present  system 
of  waste  and  destruction  continues  to  prevail,  we  will  not  have  gone 
far  into  the  new  century  before  we  are  brought  to  a  realization  of 
the  fact  that  our  splendid  forests  are  a  thing  of  the  past. 

^J.  A.  Holmes, 
State  Geologist, 


FOREST  fires:  THEIR  DESTRUCTIVE  WORK, 
CAUSES,  AND  PREVENTION. 

By  W.  W.  Ashe. 

FOREST  FIRES. 

The  past  year  (1894),  one  of  considerable  drought,  witnessed 
extensive  and  destructive  forest  fires  in  the  Northwestern  States, 
involving  the  loss  of  over  five  hundred  lives  and  millions  of  dollars 
worth  of  timber  and  other  property.  These  fires  in  the  Northwest 
occurred  in  a  thinly-settled  country.  But  even  in  eastern  Massa- 
chusetts, a  district  dotted  with  towuis,  farms  and  country  seats,  fires 
occurred  in  the  latter  part  of  summer,  which  for  several  days  baffled 
every  attempt  toward  extinguishing  them;  and  this  was  not  done 
until  a  large  loss  had  been  incurred.  In  Massachusetts  such  fires 
were  unprecedented,  for  the  woodland  is  carefully  protected,  and 
forest  fires  are  only  of  accidental  occurrence.  The  same  cannot  be 
said  in  respect  to  other  States,  least  of  all  for  those  in  which  lumber- 
ing and  the  handling  of  forest  products  are  extensive  industries. 
There  is,  in  most  parts  of  this  country,  a  recklessness  amongst  those 
deriving  their  livelihood  from  the  forest,  which  it  seems,  is  never 
satisfied  until  the  source  of  their  maintenance  has  been  destroyed. 

The  degree  of  exemption  from  extensive  forest  fires  which  North 
Carolina  has  enjoyed  during  the  past  year  is  unsual.  In  other  recent 
years  there  have  been  single  fires  the  losses  from  which  aggregated 
hundreds  of  thousands  of  dollars.  Bladen,  Cumberland,  Harnett 
and  Moore  counties  have  been  the  seats  of  such  conflagrations  since 
1890.  Although  only  the  large  fires  attract  much  attention,  the 
damage  and  loss  occasioned  by  them  does  not,  on  the  whole,  exceed 
the  destruction  caused  by  the  thousands  of  smaller  fires  which,  each 
year,  pass,  almost  unnoticed,  through  the  forests.  The  damage 
resulting  from  these  smaller  fires  is  inconsiderable,  as  far  as  stand- 
ing timber  is  concerned  and,  unless  the  destruction  of  other  prop- 
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erty  is  involved,  they  are  in  many  localities  regarded  as  beneficial 
rather  than  otherwise.  Their  damage,  however,  is  great,  although 
a  superficial  examination  may  fail  to  reveal  it.  Their  continued 
repetition  means  the  gradual  killing  of  the  forest  or  the  reduction 
of  it  to  a  few  species,  which  are  physically  capable  of  withstanding 
scorching  heat,  which  seed  or  reproduce  themselves  abundantly  and 
at  an  early  age,  and  whose  young  seedlings  are  exceedingly  hardy. 

LOSSES    FROM    FOREST    FIRES    IX    1880. 

Of  all  the  destructive  agencies  to  which  woodland  is  exposed 
none  is  surer  in  its  effects  or  more  rapid  in  its  execution  than  fire. 
By  the  census  of  1880  the  value  of  the  property  destroyed  by  forest 
fires  in  the  inhabited  parts  of  the  Ignited  States,  during  one  year, 
was  ascertained  to  be  over  $25,000,000;  and  even  this  immense 
amount  is  supi)osed  to  represent  only  a  part  of  the  property 
destroyed,  since  no  reports  w^ere  made  of  many  fires.  The  same 
authority  gives  the  damage  from  forest  fires  in  North  Carolina  for 
that  year  as  having  reached  $357,000,  and  the  number  of  acres 
burnt  over  as  amounting  to  546,000.  The  value  of  the  property 
destroyed  (which  was  largely  standing  timber)  was  equal  to  that  of 
all  the  standing  timber  which  was  cut  in  the  State  during  that  year 
for  saw-logs.  And  equaling  the  irreparable  damage  to  standing 
timber  is  the  injury  to  the  soil  from  these  frequent  burnings.  The 
harm  thus  occasioned  is  rarely  even  considered. 

THE  ATTITUDE  OF   TIMBER  OWNERS  TOWARDS  FOREST  UNDERiJROW-TH. 

In  circulars  sent  to  well-informed  persons  in  the  extreme  east- 
ern and  western  counties  a  question  was  inserted  concerning  the 
attitude  of  timber  owners  toward  the  young  growth  in  the  forest. 
In  answering  this  many  correspondents  gave  prominence  to  the 
fact  that  it  was  considered  a  nuisance  to  have  the  young  growth  in 
the  forests,  and  one  of  the  objects  of  burning,  and  benefits  derived 
therefrom,  was  keeping  the  thicket  of  saplings  killed  dow^n.  Where 
it  is  not  desired  to  keep  the  young  growth  down  in  order  to  secure 
a  slender  pasturage  the  main  object  in  view  appears  to  be  to  keep 
the  woods  open  for  hunting  or  to  facilitate  passage  through  them. 
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The  object  chiefly  desired,  then,  iu  burning  is  pasturage;  the  object 
^ittained  is  the  destruction  of  all  young  growth.  While  it  is 
regarded  as  proper  and  advantageous  to  secure  the  maintenance  of 
the  mature  trees,  the  utilization  of  which  is  possible  at  any  time, 
^nd  which  represent,  prima  facie,  a  specific  market  value,  no  pro- 
tection is  accorded  the  young  growth  to  enable  it  to  survive. 
The  feeling  towards  it  jiasses  beyond  mere  disinterest.  If  the 
voung  growth  is  coniferous  it  is  regarded  with  disfavor,  since  it 
affords  no  food  material  for  cattle;  if  it  is  of  broad-leaved  trees  its 
legitimate  utilization  is  realized  when  cattle  are  browsing  upon  it. 
If,  in  spite  of  the  depredations  of  live  stock,  the  young  growth 
persists  in  growing,  w^hich  is  usually  the  case,  it  is  burned  down  to 
effectually  check  it.  The  end  aimed  at  in  this  is  to  keep  the  woods 
■open ;  for  in  dense  woods  pasturage  grasses  do  not  grow  and  most 
broad-leaved  seedlings  will  be  shaded  out.  The  pasturage  obtained 
by  this  means  is  insignificant,  the  herbage  of  many  acres  being 
required  for  the  support  of  a  single  animal,  and  it  is  only  secured 
.at  the  expense  of  a  valuable  forest  undergrowth. 

KINDS    OF    FOREST    FIKES. 

The  tires  in  most  sections  of  this  State  are  leaf  or  grass  fires; 
that  is,  the  dry  leaves  or  dead  grass  form  the  fuel  which  carries 
the  flames.  Practically  all  the  fires  in  the  western  counties  are  leaf 
fires;  it  is  seldom  that  there  is  sufficient  undergrowth  present  for 
the  fire  to  be  communicated  to  that,  although  the  undergrowth  is 
usually  all  killed.  In  the  south-eastern  counties,  in  the  long- 
leaf  pine  belt,  the  fires  are  usually  carried  by  the  high  and  thick 
grasses  which  cover  the  forest  soil  wherever  the  woods  are  at  all 
open.  These  grasses  are  hardy  perennials  like  Aristida  strida,  Andro- 
pogon  tencTy  A.  virginicus,  A.  elliotti,  and  ^4.  argentine;  the  first  one 
known  as  the  wire-grass  of  the  pine  barrens,  the  others  as  broom 
grasses  or  broom-straws  or  "sedge." 

Fire  frequently  escapes  from  the  grass  to  the  pine  trees.  In  pine 
woods  where  the  undergrowth  is  thick,  and  more  rarely  in  mixed 
woods,  the  brush  frequently  burns  and  occasions  incalculable  dam- 
age to  the  standing  timber;  and  in  swamps  with  a  heavy  under- 
growth, particularly   peaty   ones  with   a  growth  of  white  cedar 
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(juniper),  fires  in  dry  seasons  will  consume  both  undergrowth  and 
brush  and  mature  trees.  These  fires  of  course  are  the  most  destruct- 
ive and  are  well  called  timber  fires. 

ULTIMATE    RESULTS    OF    FOREST    FIRES. 

To  ascertain  what  will  be  the  effects  of  the  continued  burning 
upon  woodland  there  is  no  necessity  to  revert  to  the  condition  of 
some  of  the  worn-out  lands  of  southern  Europe  or  to  cite  the 
instances  from  foreign  writers  of  the  destitution  and  barrenness 
which  have  succeeded  the  continual  burning  of  the  forests  there. 
As  concrete  evidence  of  the  destructiveness  of  numerous  small 
fires  as  can  be  adduced  is  the  denuded  state  of  a  large  part  of  the 
waste  sand  lands  in  the  south-eastern  counties  of  North  Carolina. 
The  original  forests  of  long-leaf  pine  in  that  section  have  grad- 
ually been  consumed.  More,  it  can  be  safely  said,  has  been  burnt 
than  converted  into  lumber.  This  has  seriously  affected  the  supply 
of  merchantable  timber.  Furthermore,  these  ravages  have  largely 
influenced  the  supply  of  the  future,  in  its  abundance,  quality  and 
variety,  as  well  as  the  soil  in  its  ability  to  sustain  a  forestal  growth. 
Already  throughout  the  eastern  section  of  the  State  profound 
changes  have  been  induced  in  the  character  of  the  forest  flora  of 
the  uplands  and,  in  places,  irreparable  damage  has  been  suffered 
by  the  forest  lands.  Changes,  too,  have  been  produced  in  the  char- 
acter of  the  sylva  of  the  hill  country  and  the  mountains.  These 
changes,  however,  are  not  as  generally  dittiised  as  those  which  have 
taken  place  in  the  lower  districts,  and  are  less  impressive,  since 
they  have  influenced  the  varieties  in  a  mixed  hardwood  forest, 
instead  of  the  struggle  for  supremacy  between  two  dissimilar  pines 
or  between  a  pine  and  an  oak  growth.  In  connection  with  the 
destruction  of  the  long-leaf  pine  forests  it  can  be  said  that  along 
with  it  is  being  destroyed  one  of  the  most  important  industries  in 
the  State — ^that  of  gathering  and  manufacturing  resinous  products. 
The  aggregate  of  these  products  has  decreased  since  1870  over  two- 
thirds,  with  a  prospect  in  the  near  future  of  a  total  failure  of  the 
industry  in  this  State  from  the  inability  to  secure  new  and  profitable 
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pineries  to  tap  for  turpentine,  as  the  old  ones,  from  long  continued 
boxing,  become  unprofitable  and  are  abandoned. 

THE  CHANGES  PRODUCED  IN  THE  LONG-LEAF  PINE  FORESTS  BY  FIRES. 

North  of  the  Neuse  river  the  long-leaf  pine  formeriy  extended 
over  the  drier  sandy  land,  in  an  almost  unbroken  forest,  as  far 
north  as  southern  Virginia.  This  pine  has  gradually  been  killed 
out  by  fires  or  removed  for  commercial  purposes,  so.  that  but 
little  of  the  original  forest  growth  now  remains.  Fortunately  there 
has  been  a  tree  ready  to  take  its  place,  the  value  of  which,  for  lum- 
ber, is  but  little  less  than  that  of  the  long-leaf  pine.  This  tree 
is  the  loblolly  pine,  which  is  known  throughout  the  eastern  section 
of  this  State  as  short-leafy  rosemary,  old  field  or  swamp  pine.  Mixed 
w^ith  this  second-growth  loblolly  pine  is  a  vigorous  undergrow^th  of 
young  post,  white  and  red  oaks.  These,  how^ever,  do  not  reach 
suflScient  size  to  enter  into  construction,  since,  after  reaching  a 
diameter  of  fifteen  or  twenty  inches,  they  generally  succumb 
to  internal  decay,  the  soil  being  unsuited  to  their  growth.  This 
replacement  of  the  long-leaf  pine  by  the  loblolly  has  been  so 
gradual  that  in  places  the  forest  appears,  as  it  stands  to-day,  to  be 
composed  of  a  mixed  growth  of  these  two  species.  The  fact  is 
significant,  however,  that  nowhere  is  there  any  young  growth  of 
the  long-leaf  pine.  All  trees  of  that  species  are  mature  trees, 
while  the  loblolly  pine  is  seen  in  all  stages  of  development  from 
tender  seedlings  to  trees  in  full  maturity. 

South  of  the  Neuse  river  the  effects  of  the  .fires  have  been 
more  marked.  The  upland  soils  in  this  south-east  section  are  of 
two  kinds,  the  sandy  loams  which  form  the  level  pine  lands  and 
the  sandy  soils  which  form  the  pine  sand-hills.  This  sand  occurs 
in  a  loose  layer,  from  a  few  inches  to  many  feet  in  thickness,  lying 
above  the  more  fertile  loams.  The  loams  are  similar  in  character 
to  the  greater  part  of  the  soils  found  north  of  the  Neuse  river,  and 
on  them,  south  as  well  as  north  of  the  Neuse  river,  the  loblolly 
pine  and  a  heterogeneous  growth  of  small  oaks  have  superseded 
the  long-leaf  pine.  On  the  sand-hills  the  destruction  of  the  long- 
leaf  pine  has  been  accompanied  by  no  aftergrowth  of  loblolly 
pine,  so  that  the  result  of  the  burnings  is  large  areas  of  waste 
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land  covered  only  with  a  scattering  growth  of  the  sand  black-jack 
oak,  and  other  scrub  oaks,  or  entirely  denuded.  The  largest  tracts- 
of  this  waste  land  lie  in  the  eastern  counties  of  New  Hanover, 
Wayne,  Duplin,  Pender,  Onslow,  Bladen,  Columbus,  Harnett,. 
Sampson,  Robeson,  Brunswick  and  Moore. 

The  United  States  census  of  1880  gives  the  area  of  the  waste 
lands  in  these  counties  to  be  105,705  acres.  This  included  only 
the  waste  lands  attached  to  farms,  as  old  fields  and  fallow  lands. 
An  examihation  of  these  counties  undertaken  by  the  North  Caro- 
lina Geological  Survey  in  1893  revealed  the  fact  that  the  area  of 
waste  or  unproductive  forest  lands  then  amounted  to  over  400,000 
acres. 

This  entire  area,  amounting  to  about  one-tenth  of  the  acreage  of 
these  counties,  has  been  reduced  to  its  present  condition  almost 
entirely  through  the  agency  of  fire.  Besides  the  above,  there  are- 
extensive  areas  of  thinly  timbered  pine  land  far  exceeding  in 
extent  the  area  of  the  waste  lands.  These  are  turpentine  orchards, 
either  still  being  worked  or  abandoned,  the  trees  in  which  have 
been  continually  tapped  for  turpentine  for  twenty  years  or  more,, 
and  now  have  their  ranks  so  thinned  as  to  scarcely  deserve  the  name 
of  woodland.  The  mature  trees  have  one  by  one  been  destroyed 
by  fire  or  prostrated  by  wind,  broken  where  the  collar  of  the  bole 
was  weakened  by  the  deep  turpentine  boxes.  There  is  nothing 
remarkable  in  the  fact  that  the  forests  have  become  thinned  by  the 
usage  of  a  century,  but  their  openness  below  and  the  fact  that  no 
young  pines  are  seen  taking  their  place  are  worthy  of  the  utmost 
consideration. 

The  loblolly  pine  although  it  (j^ickly,  by  its  winged  seed  and 
the  frequency  of  its  seeding,  gains  possession  of  lands  with  a  moist 
or  loamy  soil  and  attains  a  medium  size,  producing  a  fair  grade  of 
timber,  is  yet  incapable  of  growing  on  the  dry,  sandy  land  which 
forms  a  proportionately  large  part  of  the  area  of  these  south-east- 
ern counties.  Indeed  if  it  once  succeeds  in  gaining  a  foothold  on 
the  sand  land,  where  the  soil  has  been  cultivated,  it  is  incapable 
of  maintaining  there  an  uninterrupted  growth  until  it  becomes  a 
large  tree.  It  is  naturally  a  tree  of  the  lowlands,  or  rather  of  the 
better  class  of  moist  or  wet  loams,  and   when  it  does  succeed  in 
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growing  Oil  the  saiidy  lands  under  such  altered  conditions  it  forms 
only  a  low  growth,  with  boles  short  and  knotty.  Besides  rarely 
ever  reaching  a  height  of  over  lifty  feet,  jt  is  subject  in  such  situa- 
tions to  **dry-rof  or  *' red-Iieart.''  Associated  with  the  long- 
leaf  pine  on  this  sterile  soil  are  the  sand  black-jack  oak  and  the 
highland  willow  oak,  both  of  them  *' scrub  oaks*'  incapable  of 
yielding  timber,  and  forming  beneath  the  pines  only  a  low  and 
open  growth.  The  litter  of  these  oaks,  with  the  dry  wire-grass 
and  broom-grass  of  the  barrens,  forms  the  fuel  for  the  destructive 
fires. 

CAUSE  OF   DKCADENCE  OF  THE   LONG-I^EAF  PINE. 

As  this  is  a  subject  of  tlie  utmost  importance  involving  the  timber 
growth,  or  rather  the  lack  of  timber  growth,  on  an  area  of  over 
half  a  million  acres,  it  may  be  well  to  give  more  fully  some  of  the 
causes  which  have,  in  conjunction  with  the  fires,  played  important 
parts  in  the  reduction  of  these  areas  to  their  present  state  of  unpro- 
ductiveness, and  some  of  the  peculiarities  of  the  morphology  and  life 
process  of  the  long-leaf  pine  which  prevent  it  from  succeeding 
in  the  struggle  for  existence  with  its  competitors,  while  they  success- 
fully overcome  the  conditions  imposed  by  man  upon  forest  growth. 
As  a  comparison  of  the  differences  between  the  pines  of  this  region 
and  their  relations  to  their  environments  has  been  discussed  in  a 
previous  bulletin  of  the  Survey,  only  a  r^sum^*  of  the  salient  points 
will  here  be  given.  These  will  embody  the  reason  why  the  long- 
leaf  pine  fails  while  the  loblolly  pine  thrives,  even  on  what  was 
once  undebatable  ground,  entirely  within  the  territory  of  pure 
long-leaf  pine  growth.  The  fructification,  the  seed,  the  seedling, 
life  period  and  hardiness  of  the  long-leaf  pine,  considered  in 
their  connection  with  fires,  have  important  bearings  on  this  subject. 

THE  SEED  AND  SEEDING  OF  THE   LONG-LEAF  PINE- 

The  long-leaf  pine,  with  its  fertility  impaired  by  the  drain  on 
its  vital  resources  due  to  the  removal  of  the  turpentine  by  boxing, 
produces  seed  abundantly  only  at  irregular  and  infrequent  inter- 
vals. A  large  pine  mast  occurred  in  1845,  another  in  1872, 
and  in  1892  there  was  a  third,  after  an  interval  of  twenty  years. 
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In  intermediate  years  the  production  of  mast  was  small  and  local- 
ized. Since  1892  there  has  been  no  long-leaf  pine  mast  at  all  in 
eastern  North  Carolina. 

A  great  proportion  of  its  seed,  which  are  between  one-fourth  and 
one-half  an  inch  long,  are  destroyed  by  fowls,  rodents  and  hogs, 
which  prefer  this  to  all  other  kinds  of  mast.  The  seed,  after  falling 
as  the  cones  open,  during  October  and  November  and  through  the 
winter,  are  entirely  exposed  to  these  varied  attacks  until  they  have 
germinated  and  securely  rooted,  which  happens  in  the  following 
spring  if  the  mast  is  late  in  falling,  or,  as  is  more  often  the  case,  if 
the  mast  falls  in  a  warm,  moist  autumn  season  it  germinates  at  once. 

GROWTH  OF  THE  I*ONG-LKAF  PINK. 

The  Seedling. — The  growth  of  the  young  seedling  of  the  long- 
leaf  pine  is  exceedingly  slow.  The  greater  part  of  the  vital  vigor 
of  the  young  plant  is  directed  towards  the  root-system,  which 
consists  of  an  oblong,  spindle-shaped  tap-root  with  numerous  fine 
roots  diverting  from  its  lower  end.  The  tap-root  increases  rapidly 
in  length,  being  fifteen  to  twenty  inches  long  and  one  and  one-half 
inches  in  diameter  when  the  plant  is  only  five  years  old.  The  stem, 
even  until  tlie  fourth  or  fifth  year,  remains  nearly  stationary  in 
height  and  only  slowly  increases  in  thickness  to  correspond  with 
the  increased  diameter  of  the  tap-root.  It  is  during  this  stage  of  its 
development  that  the  greatest  number,  perhaps  as  much  as  nine- 
tenths,  of  the  young  pines  are  destroyed.  Being  for  so  long  a  time 
stemless  and  surrounded  by  high  grass,  as  is  the  case  in  the  open 
woodland  or  where  the  merchantable  trees  have  been  removed,  the 
young  long-leaf  pine,  on  account  of  its  small  size  and  tender- 
ness, is  liable  to  be  killed  or  consumed  by  fires  during  a  period 
three  or  four  times  as  long  as  the  loblolly  pine  or  the  scrub  oaks 
in  similar  situations.  A  passing  fire  is  apt  to  destroy  nearly  every 
seedling  pine  in  its  course.  The  hogs  also  destroy  a  great  number 
of  them  in  this  early  stage  of  their  growth,  by  rooting  them  up  to 
eat  their  large,  succulent  roots.  Through  these  two  agencies  the 
greater  part  of  the  }■  oung  pine  growth  is  destroyed  before  it  becomes 
fairlv  started  in  life. 
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Later  Stages  of  Growth. — At  the  termination  of  the  first  four 
or  five  years  of  growth,  which  may  be  said  to  form  the  seedling 
stage  of  existence,  rapid  height-growth  begins.  During  the  first 
few  years  of  this  period  of  height-growth  the  body  axis  rapidly 
develops  in  length  at  the  expense  of  thickness,  forming  long, 
wand-like  stems.  During  this  period  of  its  life  wind-storms  inflict 
severe  damage  upon  the  young  growth,  snapping  off  the  slender 
stems  or  bending  the  flexible  ones  into  inextricable  masses.  Fires, 
too,  are  still  capable  of  doing  great  damage,  since  the  loose,  thin 
bark  affords  but  slight  protection  to  the  living  wood  against  heat. 
The  resulting  damage,  however,  will  be  most  severe  from  spring 
fires,  which  occur  when  the  new  wood  is  forming  and  the  leaves 
shooting.  After  a  height  of  twenty  to  twenty-five  feet  is  reached 
the  height-growth  is  accompanied  by  rapid  increase  in  diameter, 
and  throughout  the  rest  of  the  life  period  neither  height  nor  diame- 
ter-growth alone  takes  place  at  the  expense  of  proportional  devel- 
opment elsewhere. 

On  the  better  class  of  soils  at  the  expiration  of  twenty-five  or 
thirty  years  the  trees  have  attained  a  height  of  thirty  to  thirty-five 
feet  and  a  proportionate  diameter  of  ten  to  twelve  inches.  The 
rate  of  height-growth  probably  reaches  its  maximum  before  the 
twentietli  year  and  gradually  decreases  after  that  time ;  being  rapid 
from  about  the  twentieth  to  the  fiftieth  year,  averaging  from  eight 
to  ten  inches  a  year;  being  moderate  from  the  fiftieth  to  the 
oightietli  year,  averaging  six  to  eight  inches  a  year  in  height;  after 
that  period  being  slow,  not  averaging  over  two  to  four  inches  in 
height-growth  during  each  growing  season. 

The  diameter-growth  is  slow  until  about  tlie  fifteenth  to  twentieth 
year  and  extremely  rapid  after  that  until  the  fortieth  to  fiftieth 
year,  when  it  becomes  considerably  slower.  These  variations  in  the 
manner  and  rate  of  growth  apply  only  to  forest  trees;  that  is,  trees 
grown  in  large  bodies  with  a  thick  stand,  so  as  to  fully  shade  the 
ground  and  crowd  and  overtop  each  other  as  soon  as  height-growth 
is  fairly  under  way.  While  these  laws  of  the  rate  of  accretion,  or 
increase  in  volume  of  wood,  are  deduced  from  the  rate  of  growth 
of  what  is  called  old-field  growth,  where  growth  began  simultane- 
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ously  with  all  trees,  they  are  probably  applicable  to  isolated  youug 
pines  appearing  in  a  hardwood  growth  or  to  young  pines  spring- 
ing up  in  a  pine  forest  where  the  mature  trees  are  thick.  F^ntirely 
different  laws,  however,  govern  the  rate  of  growth  of  isolated  speci- 
mens, or  where  the  young  trees  are  far  apart;  in  which  cases  from 
the  start  there  is  rapid  diameter-growth  and  crown  development  at 
the  expense  of  height-growth  and  clear,  straight  stems. 

In  the  boxed  trees  which  now  constitute  so  large  a  part  of  the 
long-leaf  pine  forests,  practically  all  of  the  merchantable  timber 
having  been  boxed,  the  rate  of  growth  is  exceedingly  slow,  ten  or 
twelve  years  being  required  for  one  inch  in  diameter  to  be  gained, 
and  the  annual  increase  in  height  not  being  over  one  to  two  inches. 

The  long-leaf  pine  in  the  forest  forms  no  appreciable  quantity  of 
wood  between  the  first  and  sixth  years,  and  very  little  between  the 
sixth  and  fifteenth  years.  During  the  next  thirty  years  it  adds 
rapidly  to  its  bulk,  and  then  begins  a  gradual  decrease  in  the 
volume  of  wood  added,  which  decrease  continues  normally  at  a 
uniform  rate  until  old  age  destroys  the  specimen. 

VALUE  OF  DETERMINING  THE  RATE  OF  GROWTH. 

While  a  small  tree,  ten  to  twelve  inches  in  diameter  and  all  sap- 
wood,  serves  admirably  for  the  manufacture  of  resinous  products, 
it  is  only  after  a  very  much  longer  period  of  growth  that  a  tree 
reaches  a  size  suitable  for  saw-logs.  This  period  is  dependent,  of 
course,  on  the  rapidity  of  growth,  which  varies  some  with  diff'erence 
of  soil.  If  heart  timber  is  desired,  and  this  is  the  only  kind  which 
'  is  in  demand  so  far  as  the  long-leaf  pine  is  concerned,  the  time 
required  for  a  forest  crop  to  reach  maturity,  when  the  trees  have 
attained  a  size  large  enough  for  applying  them  to'^all  uses,  is  cer- 
tainly not  less  than  one  hundred  years.  This  pine  is  about  twenty- 
five  years  old  before  the  heart-wood  begins  to  form,  and  after  that 
time,  speaking  in  a  general  way,  a  ring  of  heart-wood  is  formed 
internally  for  every  ring  of  sap-wood  added  to  the  periphery.  So 
that  to  estimate  the  time  required  for  the  growth  of  trees  with  the 
heart-wood  of  a  specified  diameter  the  twenty-five  peripheral  rings 
of  sap-wood  must  be  taken  into  account,  as  well  as  the  decrease  in 
the  rate  of  diameter-growth  after  the  fortieth  or  fiftieth  year. 
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The  accumulated  wood  in  the  loug-leaf  piue  trees,  which  form 
the  forests  as  they  stand  to-day,  represents  the  results  of  not  less 
than  one  hundred  and  fifty  years  of  uninterrupted  growth  and 
probably  more  than  one  hundred  and  seventy-five  years;  that  is, 
the  trees  range  in  age  from  one  hundred  to  two  hundred  and  fifty 
years,  while  all  of  the  trees  less  than  one  hundred  years  old,  or  about 
two-thirds  of  the  forest  body,  have  been  killed  out  by  fires  or  pre- 
vented by  them  from  developing. 

Sl'MMARY. 

The  infrequency  of  the  seeding  of  the  long-leaf  {)ino  enables  trees 
which  seed  more  frequently  to  prepossess  the  ground.  Its  slow 
growth  renders  it  more  liable  to  be  killed  in  the  tender,  seedling 
stage.  Its  seed  as  well  as  the  roots  are  eaten  by  hogs.  Its  slender 
stem  makes  it  more  easily  broken  off  during  the  sapling  stage.  It 
does  not  bear  seed  until  five  or  six  years  later  than  the  loblolly 
pine  of  the  same  age.  In  all  stages  of  growth,  on  account  of  the 
thin  bark,  it  is  exceedingly  sensitive  to  fire  and  heat,  which,  with- 
out burning  them  at  all,  frequently  kill  large  trees.  When  a  tree 
is  but  partially  scorched  the  borers  attack  it  and  finally  kill  it. 
Vigorous  trees  between  eighteen  and  thirty  years  old,  which  have 
a  thick,  firm  bark,  appear  to  be  least  injured  by  spring  fires. 

DESTRUCTION    OF    PINK    TIMBER    BY    FOREST    FIRES. 

In  spite  of  the  hogs,  if  fires  had  been  ke{)t  off  of  these  long- 
leaf  pine  lands  during  the  past  sixty  years,  or  since  the  exten- 
sive tapping  for  resin  began  (about  183")),  the  forest  density  would 
now  probably  be  no  less  than  it  was  before  that  period.  The  trees 
which  are  now^eiug  removed  for  lumber  could  still  have  been 
taken  and  with  good  results;  for  those  left  would  have  grown  with 
renewed  vigor  as  the  thinning  was  carried  on.  It  appears  that  at 
least  one-half  of  the  standing  timber  has  been  destroyed  by  fire 
and  the  loss  to  the  people  from  this  item  alone  has  been  immense. 
The  low  price  of  long-leaf  pine  lands  is  a  source  of  constant  dis- 
satisfaction to  its  owners,  while  the  truth  of  the  matter  is  that  at 
least  one-half  of  the  merchantable  timber  has  been  burnt  off,  and 
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smaller  trees  which  would  have  become  merchantable  timber  have 
been  prevented  from  doing  so  by  the  forest  fires. 

FOREST  FIRES   A  CAUSE  OF  THE  DECREASE   IN   NAVAL  STORE  PRODUCTS. 

For  the  past  eighteen  years  there  has  been  a  constant  decrease 
in  the  output  of  naval  store  products  in  this  State.  This  is  directly 
due  to  the  fact  that  the  existing  orchards  are  becoming  exhausted. 
Since  1830  the  fluctuations  of  the  exports  of  resinous  products 
from  Wilmington  have  been  indices  of  the  prosperity  of  the  indus- 
try in  the  entire  State;  so  that  to  say  that  the  exports  of  rosin  from 
Wilmington  fell  from  700,000  barrels  in  1870  to  450,000  barrels  in  . 
1880,  to  385,000  in  1890,  and  to  200,000  in  1894,  merely  expresses 
the  rate  of  the  decline  in  production  for  the  State.  An  examina- 
tion of  the  lands  of  the  pine  belt  completed  in  the  spring  of  1894 
disclosed  the  fact  that  there  were,  at  that  time,  only  55,000  acres 
of  original  growth  long-leaf  pine  timber  which  had  not  been 
boxed;  and  only  33,000  acres  of  young  growth  long-leaf  pine 
which  had  become  trees,  or  which  had  reached  a  sufficient  size  to 
insure  their  becoming  of  commercial  value;  and  some  of  this  had 
already  been  tapped  for  turpentine.  As  has  been  stated  before, 
this  young  growth  lies  almost  entirely  in  what  were  at  one  time 
old  fields,  or  enclosures  by  which  it  was  protected  from  fires  and 
hogs.  Only  in  New  Hanover  county  has  any  considerable  amount 
of  young  growth  been  observed  on  forest  lands;  and  there  a  law 
prohibiting  stock  from  roaming  at  large  through  the  forest  lands 
has  been  in  force  for  a  number  of  years. 

When  the  producer  of  turpentine  burns  his  woods  to  keep  them 
open  and  facilitate  the  collection  of  turpentine  he  fails  to  consider 
that  all  the  young  growth,  from  the  youngest  seedliitg  to  the  mature 
stock,  represents  so  much  invested  capital ;  and  that  the  fully  mature 
trees  alone  represent  the  accrued  dividends,  which  ought  to  be  so 
utilized  as  in  no  way  to  interfere  with  the  great  productive  portion 
of  the  capital.  In  neglecting  this  the  productive  body  has  been 
destroyed  as  worthless,  while  the  mature  trees,  which  represented 
only  one  crop  evolved  from  it,  were  held  as  the  only  prize. 

However  deleterious  to  the  mature  trees  may  be  the  system  of 
collecting  resin  which  is  in  use  throughout  the  United  States,  its 
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destructive  results  are  insignificant  as  compared  with  those  produced 
by  using  fire  to  keep  down  the  "troublesome  growth"  of  young 
pines.  The  entire  forest  reserve  has  been  made  subservient  to  the 
means  used  to  lighten  the  labors  of  those  engaged  in  the  collection 
of  these  forests*by-products. 

THE  EXHAUSTION  OF  THE  LONG-LEAF  PINE   FORESTS. 

The  exhaustion  of  the  long-leaf  pine  forests  of  this  State  may 
be  looked  for  now  at  no  distant  date.  The  waning  turpentine  indus- 
try will  hold  its  own,  as  an  industry  of  some  importance,  possibly 
for  ten  years  longer,  though  there  will  certainly  be  a  steady  decrease 
in  its  yield  each  year.  The  production  has  possibly  been  stimulated 
during  the  past  two  years  by  the  fact  that  while  the  agricultural 
products  of  this  section  were  depressed  in  price  the  prices  for  the 
better  grades  of  resinous  products  have,  on  the  whole,  been  more 
favorable  and  the  demand  firm.  With  a  general  rise  in  the  prices 
of  farm  products  the  w^orking  of  many  turi)entine  orchards  would 
probably  be  relinquished. 

The  long-leaf  pine  lumber  industry  has  probably  reached  its 
maximum  expansion  in  this  State,  and  its  decadence  when  once 
set  in  will  be  rapid.  The  largest  bodies  of  compact  forest  are  in 
the  counties  of  Moore,  northern  Richmond  and  eastern  Montgomery. 
These  will  last  for  ten  years  if  the  drain  upon  them  continues  at  the 
present  rate  and  there  are  no  large  fires;  but  there  probably  will 
be  many  fires.  Two  of  the  largest  fires  since  1890  have  occurred 
in  this  district,  consuming  or  damaging  timber  to  the  value  of  over 
$200,000. 

INCREASE    IN    THE    ARFCA    OF    WASTE    LONG-LEAF    PINE    LANDS. 

Including  both  the  forest  lands  and  the  old  fields  and  fallows, 
there  are  now  at  least  600,000  acres  of  waste  or  unproductive  land. 
This  area,  as  large  as  it  is,  may  be  expected  to  increase  during  the 
next  decade  to  about  1,000,000  acres,  as  lumbering  proceeds  on  the 
sand-hills,  where  no  Igblolly  pine  succeeds  the  long-leaf  pine. 
About  75,000  acres  of  this  sandy  land  are  yearly  denuded  to  furnish 
the  output  of  160,000,000  feet,  board  measure,  of  yellow  pine  lum- 
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ber ;  and  tlie  greater  part  of  the  land,  having  served  what  is  regarded 
as  its  final  use,  is  left  uncared  for  and  kept,  b)*^  the  continual  burn- 
higs,  idle  and  unproductive,  covered  only  with  scrub  oaks  which 
withstand  the  fires. 

THE    NEED    TO    PROMPTLY    STOP    FIRING    THE    PINE    BARRENS. 

In  1892  there  was  an  abundant  and  generally  distributed  long- 
leaf  pine  mast.  The  young  seedlings  from  this  were  to  be  seen 
everywhere  the  next  spring,  but  a  large  part  of  them  have  already 
been  destroyed.  Even  on  lands  which  have  been  lumbered,  severely 
burnt  or  worked  for  turpentine  for  a  long  period  and  then  abandoned 
a  good  many  years  ago,  and  which  had  only  one  or  two  mature  old 
seed-bearing  trees  of  long-leaf  pine  to  the  acre,  there  were  in  the 
spring  of  1893,  following  this  heavy  long-leaf  pine  mast,  hun- 
dreds of  youug  seedlings  to  be  seen  scattered  among  the  young 
scrub  oaks  or  beneath  the  old  ones,  (liven  half  a  chance  and  they 
would  all  have  grown.  Many  of  them  are  still  left ;  and  no  greater 
benefit  could  be  conferred  upon  the  south-eastern  section  of  this 
State  than  to  have  these  pines  protected,  and  allow  them  to  grow. 

Although  these  south-eastern  counties  have  for  so  long  supplied 
such  a  large  amount  of  high-grade  timber,  it  is  nevertheless  a  fact 
that  in  many  places  good  timber,  for  domestic  uses,  is  becoming 
scarce.  With  all  the  timber  being  cut  for  shipment  and  none 
reserved  for  home  use  in  the  future,  and  all  the  young  growth 
which  would  in  time  make  timber  being  killed  by  the  fires,  there 
is  no  reserve  timber  which  can  be  relied  upon  to  meet  the  demands 
even  of  the  next  few  decades.  If  these  young  pines  are  all  killed 
out,  it  means  just  so  much  loss  to  the  people;  and  it  is  the  people, 
individually  and  as  a  body,  who  should  take  steps  to  prevent  this 
result.  No  ettbrt  should  be  spared  by  them  to  protect  the  young 
seedlings  where  any  are  yet  to  be  found  and  to  see  that  they  are 
enabled  to  grow  into  mature  trees. 

It  is  only  by  so  doing  that  the  timber  supply  of  this  region,  even 
in  the  near  future,  can  be  made  a  certainty.  It  will  probably  be 
many  years  before  there  w411  again  be  a  mast  of  the  long-leaf  pine 
equaling  the  recent  one,  either  in  distribution  or  in  abundance,  and 
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in  the  meanwhile  a  large  number  of  the -seed-bearing  trees  in  large 
bodies,  or  the  stunted  trees  left  in  lumbering,  or  the  scattered  trees 
in  the  turpentine  orchard,  will  have  been  destroyed,  so  that  neither 
the  aggregate  number  of  the  young  seedlings  nor  the  uniform  thick- 
ness of  the  stand  can  possibly  be  so  great  again  in  the  near  future  as 
at  the  present  time.  It  is  no  more  difficult  to  give  the  necessary  pro- 
tection now  than  it  would  be  at  a  future  date,  while  the  benefits 
derived  from  prompt  action  and  careful  watching  will  now  be  mani- 
fold. No  one,  who  has  at  all  investigated  the  situation,  will  deny 
that  the  young  long-leaf  pine  growth  must  at  some  time  be  afforded 
protection,  if  there  is  ever  to  be  a  regrowth  of  lumber  trees  in  this 
section  on  the  sandy  soils. 

EFFECTS    OF    BURNINCi    ON    PINES,    CYPRESS,    CEDARS    AND    BALSAMS. 

The  effects  of  fires  on  the  long-leaf  pine  seedling  have  already 
been  stated.  One  and  two-year-old  loblolly  and  short-leaf  pines 
will  sometimes  shoot  from  the  roots  if  burnt  down;  and  these  trees 
by  reason  of  their  rapid  growth  and  thick  bark  are  little  injured  by 
ordinary  fires  after  they  have  reached  a  height  of  fifteen  feet  and 
a  diameter  of  four  inches;  the  large  trees  of  both  of  these  species 
have  thick  and  close  barks.  The  pocosin  pine,  like  the  pitch  pine 
(the  black  pine  of  the  piedmont  counties),  has  remarkable  recupera- 
tive powers,  young  seedlings  when  burnt  down  for  several  con- 
secutive years  still  continuing  to  sprout  from  the  stump  or  roots, 
and  fair-sized  saplings  when  killed  above  put  up  root  sprouts. 
These  root  sprouts,  however,  do  not  make  large  or  vigorous  trees. 
White  pine  seedlings  growing  on  dry  ridges  with  oaks  are  very  ten- 
der and  do  not  put  up  again  after  being  killed  down. 

Cypress  swamps,  even  in  very  dry  seasons,  are  rarely  burnt  over, 
and  although  when  this  happens  the  damage  to  large  trees  is 
usually  small  that  to  the  younger  trees  and  shrubs  is  considera- 
ble. Small  cypress,  however,  if  under  three  inches  in  diameter, 
will  frequently  sprout  from  the  stump.  Neither  red  cedar  nor 
white  cedar  (juniper)  probably  sprout  again  after  having  been 
burnt  down.  Oaks  or  pines  often  take  the  place  of  a  growth  of 
red  cedar;  and  the  white  and  sweet  bays  and  gums  will  take  the 
place  of  a  growth  of  white  cedar  if  the  soil  is  not  too  peaty  for 
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their  growth.  The  forests  of  black  spruce  and  Carolina  balsam 
along  the  summits  of  the  highest  mountains  are  sometimes  burned. 
The  seedlings  of  neither  species  sprout  again.  A  growth  of  wild 
red  cherry  (peruvian)  mixed  w^ith  some  black  cherry  and  yellow 
birch  forms  the  aftergrow^th,  which  is  in  time  supplanted  by  the 
spruce  and  firs  again.  The  hemlock-spruce  (spruce-pine),  owing  to 
the  damp  places  of  its  growth,  is  rarely  injured  by  fire.  Neither 
it,  however,  nor  the  Carolina  hemlock  sprout  from  the  stump  or 
roots  after  the  stems  have  been  cut  or  burnt. 

BROAD-LEAVED    OR    DECIDUOUS-LEAVED    TREES. 

The  oaks  vary  a  great  deal  in  their  behavior  after  a  fire.  Nearly 
all  of  them,  if  young  and  vigorous,  will  sprout  from  the  roots  after 
the  top  has  been  injured.  While  this  is  true,  their  sprouts,  like 
those  of  most  other  trees  under  similar  conditions,  are  never  certain 
to  make  large  or  sound  trees.  As  the  dead  stock  decays  an  open- 
ing or  scar  is  apt  to  be  left  at  the  foot  of  the  tree,  in  which  rot  is 
almost  certain  to  begin  sooner  or  later.  This  seems  to  be  more 
certain  in  the  case  of  black  and  red  oaks  than  in  the  case  of  white 
oaks,  which  latter,  it  seems,  are  attacked  by  fewer  rot-causing 
diseases  than  the*  red  oaks. 

But  few  of  the  oaks  sucker  if  the  burning  is  repeated  many  times 
in  succession.  While  the  trees  from  shoots  are  usually  unsound, 
those  from  suckers  are  decidedly  short-lived  and  are  much  affected 
by  drought,  owing  to  the  fact  that  their  root  systems  are  superficial 
and  they  have  no  tap-roots  or  deep-seated  lateral  roots.  This  is 
well  known  to  be  the  case  WMth  apple  stock  in  which  the  grafts 
have  been  made  on  suckers  instead  of  upon  seedlings.  The  oaks 
which  sucker  most  seem  to  grow  on  sandy  or  light  soils;  the  live 
oak,  the  laurel-leaved  oak,  sometimes  the  post  oak  and  sometimes 
the  high-ground  w^illow  oak  and  the  water  oak.  Young  trees  of 
the  Spanish,  black  and  scrub  oaks  are  capable  of  withstanding  a 
fire  w^hich  would  kill  outright  equal-sized  trees  of  the  white  and, 
probably,  of  the  post  oaks.  Somp  of  these  trees,  as  the  black-jack, 
seem  to  be,  as  far  as  an  ordinary  leaf  or  brush  fire  is  concerned, 
nearly  fire-proof.  Sapling  red  oaks,  too,  in  the  higher  mountains 
are  very  hardy. 
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While  all  of  the  hickories  and  the  white  aud  black  walnuts  are 
extremely  sensitive  towards  fire,  they  all  sprout  more  or  less  from 
the  root  or  collar  when  young.  Some  of  them,  as  the  white 
hickory,  will  even  sprout,  when  six  to  eight  inches  in  diameter,  if 
killed  down  in  the  early  spring  when  the  sap  is  rising,  though  if 
killed  later  in  summer  they  will  not  sprout  at  all.  The  birches  all 
sprout,  some  from  the  roots,  while  sapling  beeches  if  top-killed 
will  frequently  sucker  besides.  Young  sour-wood  trees  sprout  freely 
if  killed  down.  Black  gums  are  hardy  and  even  when  young  are 
not  muoh  injured;  but  while  sw^eet  gums  are  more  injured  they 
put  up  vigorous  root  shoots.  The  Ailianthus  ("tree  of  heaven"), 
which  has  in  many  places  made  itself  at  home  in  the  woods,  and 
which  affords  a  valuable  timber,  suckers  so  as  to  form  dense  thickets 
of  young  shoots,  even  when  trees  twelve  to  eighteen  inches  in  diame- 
ter are  top-killed  by  fire;  and  especially  is  this  so  if  the  trees  are 
in  the  open  or  under  a  light  cover.  The  white  bay  in  the  lower  dis- 
trict suckers  from  the  constant  burning,  so  as  to  form  dense  clumps 
five  to  ten  yards  in  diameter  of  low,  scrubby  trees;  and  in  places, 
but  more  rarely,  the  same  is  true  of  the  yellow  locust  in  the 
mountains.  The  chestnut  is  one  of  the  few  useful  trees,  which  is 
not  only  fairly  hardy,  but  also  when  killed  down  sprouts  vigor- 
ously and  abundantly,  and  its  sprouts  reacli  a  large  size.  But 
even  it  cannot  continually  propagate  itself  in  this  manner,  and 
unless  the  woods  are  renewed  by  seedlings  with  fresh  life  and 
vigorous  roots  the  chestnut,  too,  will  begin  to  become  scarce. 

All  of  the  trees  which  are  especially  worthy  of  protection,  on 
account  of  their  economic  value,  are  greatly  injured  by  fires.  But 
some  of  the  most  valuable  hardwoods,  as  the  white  oak,  hickories, 
chestnut  and  locust,  succeed  in  securing  a  stand  after  light  fires. 

Leaf  fires  in  the  late  spring  burn  up  the  seed  of  the  elms,  as 
they  ripen  and  drop  their  seed  in  March  and  April.  Fires  during 
the  winter  and  early  spring  are  apt  to  destroy  the  germinating 
powers  of  most  seed  then  on  the  ground.  The  seed  of  several  of 
the  hickories,  the  more  valuable  ones,  the  walnuts,  the  buckeye 
and  some  of  the  oaks  can  resist  considerable  heat.  A  few  trees, 
such  as  the  soft  maples  and  the  box  elder,  ripen  their  seed  in  sum- 
mer and  as  they  sprout  at  once  there  is  no  chance  for  them  to  be 
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destroyed  before  at  least  making  a  start.  The  scorching  leaf  fire, 
though,  destroys  thousands  of  seed  in  every  acre  of  woodland 
through  which  it  passes. 

KFFECT  OF   BURNING  AS  SEEN    IN   THE  COMPOSITION   OF  THE   FOREST. 

If  the  fires  are  merely  leaf-fires,  as  are  most  of  the  fires  in  the 
hill  country  of  this  State,  but  are  regularly  repeated,  the  seedlings 
of  tender  kinds  are  kept  killed  down,  while  those  of  kinds  which 
do  not  sprout  from  the  root  are  killed  outright.  This  in  the  end, 
after  repeated  burnings,  will  make  the  forest  composed  almost  en- 
tirely of  trees  which  sprout  from  the  stump  or  roots,  and  only  the 
hardiest  of  these  will  survive,  no  matter  whether  they  may  be  valu- 
able or  worthless.  This  is  seen  in  the  way  the  hardier  oak  growth 
has  taken  th(*  place  of  the  pines  in  many  places  in  the  eastern  sec- 
tion of  the  State;  for  when  protected  from  fires,  as  iu  old  fields  and 
in  enclosures,  the  aftergrowth  is  almost  of  unmixed  pines. 

In  the  middle  section  the  hardier  black  and  black-jack  oaks  are 
taking  the  i)lace  of  the  hickories  and,  in  places,  of  the  white  and 
})Ost  oaks,  while  the  young  growth  of  the  tulip  poplar  has  entirely 
disap{)eared  from  over  certain  areas,  or  is  confined  to  the  moist 
lands  along  streams.  In  the  upper  districts  the  sourwood,  from 
its"  rapid  growth  and  readiness  of  sprouting,  has  become  exceed- 
ingly abundant,  to  the  exclusion  of  more  valuable  trees.  In  the 
lower  mountains  tlie  scarlet  and  black  oaks  have  been  enabled  to 
greatly  increase  their  numbers  from  their  hardiness,  while  at  higher 
elevations,  where  the  chestnut  is  common,  there  are  found  groves 
of  open  chestnut  woods,  the  trees  short-bodied  and  broad-crowned, 
where  there  was  at  one  time  a  mixed  forest  of  red  and  chestnut 
oaks,  and  other  trees.  Here  the  chestnut,  from  its  power  of  pro- 
ducing vigorous  shoots,  has  alone  been  able  to  maintain  itself,  while 
other  trees,  which  are  accounted  unusually  hardy,  have  largely  suc- 
cumbed. Such  groves  are  not  infreciuent,  on  southern  slopes, 
through  the  forests  of  the  Appalachian  plateau,  between  2,500  and 
4,500  feet  elevation.  P^ew  young  trees  are  to  be  seen  anywhere 
among  the  chestnuts.  The  red  and  chestnut  oaks  and  the  chestnut 
are  the  most  common  trees  on  southern  hill-sides  and  slopes  in  the 
higher  mountains.     Everywhere  they  are  seen  in  varying  propor- 
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lions,  according  as  they  have  been  injured  by  fire,  in  which  case 
the  chestnuts  outnumber  the  other  species;  or  the  nuts  eaten  by 
hogs,  when  the  young  red  oaks  become  the  more  numerous,  since 
the  fastidious  hog  prefers  the  sweet  nuts  of  the  chestnut  and  the 
<;hestnut  oak  to  the  bitter  acorn  of  the  red  oak.  But  slight  damage 
is  wrought  by  fire  to  the  forests  of  the  higher  mountains  on  northern 
.slopes,  owing  to  their  openness,  tlie  dampness  of  their  humus,  and 
their  never  having  been  lumbered  or  extensively  culled,  and  hence 
not  being  encumbered  with  lops  or  thickets  which  would  furnish 
fuel  for  fires. 

FIRES  CAUSE  DECAY   AND   HOLLOWS   AT   BASES  OF   FOREST  TREES. 

The  greater  number  of  the  hollow,  immature  and  undersized 
-chestnuts,  yellow  poplars  and  oaks  in  the  middle  and  western  coun- 
ties were  formed  either  directly  or  indirectly  through  fires.  Fires 
scorch  small  spots  near  the  bases  of  trees,  which  cause  the  death  of 
the  liber  or  generative  tissue  from  which  the  tree  increases  in  diam- 
eter. The  bark  then  becomes  loosened,  or  falls  off,  over  the  spot, 
^nd  the  tree  presents  on  its  surface  a  layer  of  dead  sap-wood.  The 
sap-wood  of  most  trees  is,  as  is  well  known,  more  subject  to  the 
attacks  of  insects,  borers,  beetles,  etc.,  and  to  rot  than  is  their  heart- 
wood.  If  the  bark  is  merely  loosened  insects  will  quickly  enter 
the  spot,  and  will  channel  sometimes  into  the  heart-wood.  Tlirough 
their  openings  air  and  water  afterwards  enter,  leaving  the  germs  of 
<lecay.  In  this  way  the  entire  interior  of  the  base  of  a  tree  may  be 
made  hollow  and,  the  bark  remaining  intact,  exhibit  no  signs  of 
the  rottenness  which  is  within. 

If  the  bark  falls  off  immediately  from  the  burning  the  dead  sap- 
wood  is  then  directly  exposed  to  rot,  and  fungi  in  the  shape  of 
punk,  or  mushroom-like  excrescences,  grow  upon  it.  These  and 
their  representatives  in  lower  and  more  obscure  forms  are  the 
-causes  of  rot.  Their  roots,  as  their  vegetative  parts  may  here  be 
<jalled,  in  the  shape  of  minute  white  threads,  penetrate  the  dead 
w-ood,  at  first  the  dead  sap-wood  and  then  the  heart,  and  break 
-down  the  structure  of  the  wood,  so  that  finally  great  hollows  are 
left.  Successive  fires,  too,  will  gradually  eat  into  the  dry  and  dead- 
ened wood,  and  not  only  burn  out  the  heart-wood  but  consume 
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the  walls  of  sap-wood.  The  base  of  the  stock  is  finally  greatly 
weakened,  and  storms  prostrate  thousands  of  such  specimens  whose 
stems  above  the  hollow  buts  are  perfectly  sound.  Or  if  they  stand, 
the  rot  and  the  fire  will  gradually  destroy  so  large  a  portion  of  the 
cylinder  of  heart-wood  that  the  value  of  the  tree  for  lumber  will  be 
greatly  lessened.     All  such,  however,  will  finally  windfall. 

EFFECTS    OF    BURNING    ON    THE    SOILS    OF    FORESTS. 

Burnings  probably  produce  few  changes  in  the  inorganic  parts 
of  soil;  at  least,  such  as  may  be  produced,  are  unimportant.  But 
all  the  organic  ingredients  which  lay  on  the  surface  are  destroyed; 
and  peaty  soils,  which  have  a  large  proportion  of  inorganic  mate- 
rial intermixed  throughout  their  whole  structure,  are  often  seri- 
ously damaged  by  having  this  organic  matter  consumed  so  as  to 
have  their  industrial  value  lessened  or  destroyed. 

HUMUS  AND   ITS   FUNCTIONS. 

One  of  the  most  important  requirements  of  forest  growth  is  the 
humus,  which  is  the  accumulation  beneath  the  trees  of  fresh  and 
decaying  organic  matter,  mostly  shed  by  the  trees  themselves  in 
the  shape  of  leaves,  or  by  the  undergrowth  beneath  the  trees. 

While  humus,  of  course,  cannot  take  the  place  of  inorganic  soil, 
it  largely  supplements  it  in  its  chemical  relations,  and  besides  per- 
forms important  physical  functions  in  connection  with  tree  life. 
Its  depth  and  richness  depend  to  some  extent  on  the  character  of 
the  soil  and  the  kind  of  growth  which  it  supports.  It  is  deeper 
usually  under  broad-leaved  trees  than  under  conifers,  and  under 
trees  like  beach  and  maple  than  under  oaks. 

For  the  trees  of  North  Carolina  its  depth  and  the  rapidity  of  its 
accumulation  are  almost  directly  dependent  upon  the  shade-bear- 
ing power  of  the  trees  producing  it.  There  are  a  few  exceptions  to 
this,  as  the  black  spruce,  which,  though  shade-enduring,  forms  only 
a  poor  humus,  and  the  tulip  poplar,  which,  though  light-enduring, 
forms  a  humus  of  good  quality. 

Humus  a  Resevoir  for  Water. — Humus  is  exceedingly  hydro- 
scopic. The  interfibrous  capillary  meshes  and  net-work  absorb 
water,  or  even  moisture,  with  the  readiness  of  a  sponge.     During  a 
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rain  it  imbibes  water  until  saturated,  which  adds  greatly  to  its  value 
on  hill-sides,  where,  if  the  ground  were  naked,  all  the  water  which 
fell,  and  which  the  soil  did  not  at  once  absorb,  would  drain  off  super- 
ficially. In  the  humus,  or  mold,  it  is  stored  away  and  gradually 
given  up  to  the  soil  beneath,  as  that  becomes  drier  through  evapo- 
ration from  the  trees  or  through  subsoil  drainage.  The  importance 
of  preserving  this  humus  is  seen,  too,  in  the  fact  that  it  equalizes  the 
flow  of  water  in  our  rivers  and  streams,  and,  besides  holding  in 
check  the  great  freshets,  enables  more  water  to  be  utilized  in  dry 
seasons  by  the  hundreds  of  cotton,  woolen  and  grist  mills  in  the 
State  which  depend  upon  water  for  their  motive  power. 

The  evaporation  from  compact  humus  is  less  than  from  soil  in 
similar  situations,  since  the  heat-conducting  power  of  humus  is 
less.  Every  agriculturist  realizes  the  value  of  this  fact,  and  util- 
izes forest  litter  as  a  mulch  for  retaining  moisture  in  the  soil.  To 
the  sylviculturist,  or  grower  of  trees,  this  property  of  humus  is  of 
especial  importance.  One  of  the  paramount  requisites  for  tree 
growth  is  moisture.  Indeed,  next  to  the  physical  properties  of  soil 
none  other  of  its  qualities  seems  to  be  more  influential  in  deter- 
mining the  character  of  the  forest  growth  than  the  proportion  of 
moisture  present. 

Another  property  of  humus  mentioned  above  is  that  it  is  a  poor 
conductor  of  heat.  For  this  reason  it  is  affected  by  sudden  thermal 
changes  less  readily  than  drier  soil  is.  The  value  of  humus  to 
woodland  in  this  relation  was  fully  exemplified  during  the  spring 
of  1894,  at  the  time  of  the  sudden  and  late  frost.  The  severe  frost 
of  April,  besides  destroying  the  foliage  and  nuts  of  all  white 
hickories,  which  are  the  most  abundant  and  valuable  hickories  in 
the  middle  district  of  North  Carolina,  killed  hundreds  of  these  trees. 
The  trees  killed  stood  on  southern  hill-sides  or  crests,  where  the 
ground  was  open  and  there  was  no  humus,  and  these  trees  had  par- 
tially leaved  out;  while  no  or  only  slight  injury  was  done  to  other 
hickories  of  the  same  kind  which  were  situated  with  like  aspect  but 
in  thick  growth,  and  with  a  good  humus  around  them,  and  whose 
buds  consequently,  being  loss  effected  by  the  spring  warmth,  had 
not  yet  exfoliated.  This  method  of  mulching  with  humus  to  delay 
foliation  or  florescence,  as  a  safeguard  against  late  frosts,  is  artifi- 
cially  practiced  by  orchardists,  especially  peach  growers.      The 
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hickories  killed  by  this  freeze  were  almost  entirely  mature  trees^ 
the  young  ones  being  more  usually  found  where  there  is  considera- 
ble undergrowth,  and  consequently  some  humus. 

The  Beneficial  Changes  Humus  rNDEROOES. — The  chemical 
properties  of  humus  are  regarded  by  agricultural  chemists  as  being 
of  the  first  importance  in  farming,  and  they  lose  none  of  their 
value  by  transference  to  the  forest.  The  chemical  elements  found 
in  forest  humus  are,  of  course,  those  necessary  for  the  building  of 
trees,  since  the  humus  is  directly  derived  from  this  source.  The 
natural  changes  which  this  humus  undergoes  are  such  as  are  most 
beneficial  for  the  growth  of  the  surrounding  forest,  and  show  the 
power  of  organic  life  to  husband  its  resources  and  render  available 
for  its  own  nutrition  the  products  derived  from  the  disorganization 
of  its  own  wastes. 

Humus,  by  its  decay,  forms  organic  acids,  and  these  in  turn  form 
salts  by  combining  with  the  mineral  bases,  potash,  lime,  soda  and 
magnesia,  which  exist  as  such  in  the  leaf  tissues.  These  salts,  like 
the  humus  itself,  are  only  slightly  soluble  in  water,  and  this  pre- 
vents them  from  being  entirely  washed  out  by  drainage,  and  their 
usefulness,  as  far  as  the  soil  of  that  locality  is  concerned,  being  for- 
ever lost. 

Sooner  or  later,  however,  these  compounds  undergo  another 
change,  combining  with  stronger  acids  of  the  soil,  when  their  fixa- 
tion is  complete,  and  they  return  to  the  original  or  similar  com- 
pounds from  which  they  were  primarily  derived  by  plant  life. 

Ammonia,  or  nitrogen,  in  the  form  of  compounds  available  to  the 
living  plant,  is  one  of  the  expensive  constituents  of  many  com- 
mercial fertilizers,  and  is  one  of  the  bases  of  their  value.  The 
nitrogenous  w^aste  from  humus  is  in  the  form  of  ammonia  combined 
with  some  of  the  plant  acids,  or  other  organic  compounds,  or  with 
part  or  all  of  these  compounds  replaced  by  a  mineral  acid.  Finally 
most  of  it  becomes  fixed  in  the  soil  as  nitrates  of  alkalies,  lime, 
magnesia,  potash  or  soda.  In  this  manner  the  valuable  nitrogen  is 
again  brought  back  to  the  soil  to  enter  into  the  formation  of  plants. 

EFFECTS  OF  FIRES  ON   HUMUS. 

Fires  interrupt  this  process,  which  nature  has  perfected  for  con- 
serving its  energy.    They  consume  all  that  part  of  the  humus  w^hich 
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lies  upon  the  surface  of  the  earth.  But  tliey  produce  chi^nges  of 
more  consequence  tliuu  mere  interruption.  By  the  burning  the 
humus  is  reduced  to  ash,  while  the  volatile  parts  and  the  gases  of 
the  combustion  pass  otf*  as  smoke.  There  are  included  in  these 
gases  of  the  smoke  the  carbon  or  charcoal  part  of  the  humus,  and 
other  elements,  which  would  have  yielded,  in  connection  with  this, 
organic  or  earthy  acids,  had  decay  continued  under  normal  condi- 
tions. The  most  valuable  compound,  which  is  in  this  way  de- 
stroyed, is  the  ammonia,  or  nitrogenous  part  of  the  humus.  The 
heat  volatilizes  this,  or  sets  it  free  from  the  complex  bodies  of  which 
it  formed  a  part,  and  it  is  dissipated  in  the  air. 

All  that  the  fire  leaves  is  a  small  quantity  of  lose  ashes.  The 
first  wind  that  comes  can  blow  it  entirely  away,  so  ftir  as  that  local- 
ity is  concerned.  Although  they  look  alike  the  ash  from  the  pines 
and  from  the  broad-leaved  or  deciduous-leaved  trees  differ  much 
in  the  proportion  of  the  different  alkalies  and  other  compounds  of 
which  they  are  formed.  That  from  the  pine  contains  more  of  the 
alkaline  ingredients  that  are  soluble  in  water,  almost  one4ialf  of 
their  weight  being  thus  soluble,  while  only  about  one-sixth  of  the 
weight  of  ordinary  hardwood  ash  can  be  dissolved  in  water.  If  the 
country  is  at  all  hilly  the  water  of  the  first  heavy  rain  that  falls, 
since  it  now  has  no  humus  to  hold  it  in  check,  will  bear  off  all  the 
soluble  portion  of  the  ash. 

A  great  part  of  the  insoluble  ash  will  in  like  manner  be  washed 
away — if  the  country  is  steep  and  the  rain  heavy,  practically  all 
of  it,  since,  being  light  and  loose,  it  does  not  offer  the  resistance  that 
compact  earth  does.  The  soluble  parts  are  decidedly  the  most 
valuable.  In  both  pine  and  hardwood  ashes  they  consist  chiefly  of 
sulphuric  acid,  potash  and  soda,  while  the  insoluble  parts  are 
largely  lime,  iron  and  sand  in  pine  ash,  and  lime  with  small  quan- 
tities of  magnesia  and  phosphoric  acid  in  those  from  hardwoods. 

This  burning  thus  robs  the  burnt  lands  of  their  available  min- 
eral salts,  on  which  fertility  is  so  largely  dependent.  If  persisted 
ill  it  eventually  greatly  lessens  the  productive  power  of  even  the 
best  of  soils,  especially  in  hilly  or  mountainous  districts. 

It  is  fortunate  that  the  pine  forests  of  North  Carolina,  in  which 
so  much  burning  is  practiced,  grow  for  the  most  part  in  plains  and 
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upon  .solely  or  gravelly  soils,  which  allow  ready  percolation  b}*^ 
the  rain  water  and  afford  quick  fixation  of  the  alkaline  and  other 
parts  of  the  ash.  By  this  fixation  the  soluble  part  of  the  ash — and, 
as  has  been  said,  over  50  per  cent,  of  pine- wood  ash  is  soluble — is 
made  less  soluble,  so  that  drainage  water  will  not  bear  it  off.  This 
fixation  may  or  may  not  affect  its  availability,  so  far  as  the  plant 
is  concerned.     About  that,  as  yet,  very  little  is  known. 

PEATY   SOII^. 

Moreover,  there  are  soils  which  are  largely  made  up  of  humus. 
There  are  peaty  or  highly  organic  soils  chiefly  in  the  north-eastern 
section  of  the  State,  around  the  Dismal  swamp,  in  Hyde  and  Dare 
counties,  and  areas  of  smaller  extent  but  similar  in  character  in 
Pamlico,  Lenoir,  Duplin  and  Bladen  counties.  These  soils  are 
either  those  which  from  intermixture  of  sand  and  their  capa- 
bility of  being  drained  are  suitable  for  tillage,  or  those  which 
"sour**  and  are  usually  too  low  for  complete  drainage.  The  first 
kind  ffequently  rests  on  a  bed  of  green  sand  or  marl,  and  before 
cleared — for  such  land  is  now  largely  cleared — was  covered  with 
cypress,  gums  and  tulip  poplars*  much  of  it,  too,  was  once  lakes 
that  have  filled  in  with  detritus;  while  the  second  kind,  which  is 
**sour,"  bears  a  growth  of  white  cedar  (juniper)  or  white  bay  and 
has  usually  passed  through  the  successive  stages  of  a  sphagnum 
bog  before  reaching  its  present  condition. 

The  sour  or  peaty  lands  can  bie  put  to  no  more  profitable  use  than 
growing  white  cedar;  keej)  the  fires  out,  protect  the  young  growth 
of  white  cedar  and  keep  it  as  nearly  pure  as  possible.  It  is 
decidedly  the  most  valuable  tree  of  eastern  North  Carolina; 
beside  s  being  an  abundant  seeder  and  of  rapid  growth  it  is  exceed- 
ingly hardy.  It  is  a  yearly  event,  however,  to  hear  of  a  fire,  often 
originating  from  carelessness,  passing  through  one  of  these  swamps 
and  consuming  not  only  the  trees  both  great  and  small,  but  fre- 
quently burning  out  the  soil  until  its  level  is  so  lowered  that  white 
cedar  will  no  longer  grow  upon  it.  There  are  thousands  of  acres 
of  timbered  swamp  lands  which  have  been  ruined  in  this  way  in 
the  Dismal  swamp  and  in  such  counties  as  Dare  and  Hyde  :  and  it 
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frequently  happens  that  peaty  lands,  even  while  under  cultivation, 
are  burned  out  and  greatly  injured. 

DAMAGE   TO   THE   STATE    LANDS    BY    FIRES. 

The  State  Board  of  Education  controls  for  the  educational  fund 
of  North  Carolina  a  large  amount  of  swamp  lands  in  eastern 
North  Carolina.  Although  some  of  it  is  heavily  timbered  much 
of  it  shows  to  the  fullest  extent  the  ravages  of  fire.  Some  of  this 
swamp  land  which  remains  unsold  has  naturally  a  poor,  compact 
soil,  and  is  incapable  of  sustaining  any  but  an  open  and  scrubby 
forest  growth.  Some  of  it,  however,  which  is  now  largely  covered 
with  cane-brakes,  shows  conclusively  that  it  was  at  one  time  heavily 
timbered,  probably  with  gums,  poplar,  oak,  and  cypress,  and  that 
innumerable  fires  have  kept  the  trees  killed  down  while  the  cane 
has  spread  until  now  the  timber  on  the  lands  is  perfectly  worth- 
less. Considerable  areas  of  these  State  swamp  lands,  being  regarded 
as  belonging  to  no  one  in  particular  but  to  the  public  in  general, 
have  been  robbed  of  their  valuable  timber,  and  are  now  annually 
fired  for  the  purpose  of  improving  the  grazing  advantages  they 
may  offer  for  the  neighborhood  herds  of  cattle.  In  this  way  not 
only  has  the  land  been  robbed  of  its  supply  of  mature  timber,  but 
the  young  forest  growth  also  has  been  destroyed,  and  thus  the 
future  timber  supply  cut  off  in  large  measure. 

AREA    OF    WASTE    LANDS    IN    NORTH    CAROLINA. 

The  census  of  1880  gave  some  interesting  and  significant  figures 
upon  the  proportion  of  the  area  of  this  State  in  woodland,  in  culti- 
vation, and  "other  lands,"  which  are  idle  or  unproductive.  The 
amount  of  this  idle  or  waste  land  given  at  that  date  for  North  Caro- 
lina was  2,000,000  acres,  or  one- tenth  of  the  entire  area  of  the  State 
was  lying  out  as  old  fields  or  other  waste  lands.  An  investigation 
of  the  forest  lands  of  the  eastern  counties,  undertaken  during  1893- 
1894  by  the  Survey,  showed  that  there  were  in  the  long-leaf  pine 
counties  alone,  those  counties  lying  south  of  the  Neuse  river  and 
east  of  Montgomery  county,  over  400,000  acres  of  sandy  forest  lands 
which  were  producing  no  valuable  forest  growth,  and  under  the 
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present  negligent  management  are  not  likely  in  the  future  to  do  so. 
This  is  partly  land  which,  after  being  lumbered,  has  been  burnt 
over,  or  the  tree  growth,  by  the  many  repeated  burnings,  has  grad- 
ually been  reduced  from  long-leaf  pine  forests  to  scrub-oak  thickets, 
with  still  a  few  scattered  pines  upon  it. 

The  area  of  the  waste  lands  in  other  sections  of  the  State  has  cer- 
tainly increased  considerably  in  the  past  fifteen  years,  so  that  it  can 
be  no  exaggeration  —  in  fact,  it  is  a  decidedly  small  estimate — to 
say  that  there  are  now  in  North  Carolina  over  3,000,000  acres  of 
waste  or  unproductive  land,  including  old  fields,  bramble  lands, 
and  forest  lands  with  only  a  growth  of  scrub  oaks.  This  makes 
about  one-eighth  of  the  entire  area  of  the  State  which  is  at  the 
present  time  unproductive,  either  of  farm  crops  or  forest  products. 

AREA   OF  WASTE  LANDS  IN   EASTERN   NORTH   CAROUNA. 

In  the  eastern  counties,  with  sandy  or  sandy-loam  soils,  and  lying 
within  the  coastal  plain  region,  the  area  of  the  waste  land  in  forty- 
two  comities  amounts  to  over  one  million  acres,  or  to  one-tenth  of 
the  total  area  of  those  counties.  Except  the  pine  barren  lands 
which  have  already  been  discussed,  any  of  these  lands  would  be 
quickly  and  thickly  seeded  by  the  valuable  loblolly  (short-leaf)  pine, 
and  would  soon  be  covered  with  a  heavy  young  growth  of  these  pines 
if  the  fires  were  kept  off.  Where  the  loblolly  pine  has  been  lum- 
bered small  post  and  red  oaks  usually  come  up.  This  should  be 
discouraged,  as  the  pine  growth  is  the  more  valuable  of  the  two. 
The  cause  of  the  oaks  appearing  is  that  the  young  oaks,  being  able 
to  bear  a  light  shade,  are  usually  found  growing  under  the  pines, 
and  if,  as  usually  happens,  a  leaf-fire  passes  through  the  woods  after 
the  merchantable  pine  has  been  cut,  the  young  pines  which  come 
up  with  the  oaks  are  killed,  so  that  the  oaks  alone  remain.  In 
this  section  considerably  over  half  of  the  area  is  yet  woodland, 
though  a  great  part  of  it  has  been  lumbered. 

AREA   OF  WASTE   LANDS  IN   THE   MIDDLE  AND  WESTERN   COUNTIES. 

In  the  midland  counties,  which  extend  westward  as  far  as  the 
foot  of  the  Blue  Ridge  and  eastward  to  the  sandy  soils  of  the  low 
district,  the  area  of  the  waste  lands  amounted,  according  to  the 
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United  States  C'ensiis  of  1880,  to  over  1,500,000  acres,  or  between 
one-fifth  and  one-sixth  of  the  total  area.  Only  a  little  over  one- 
half  of  the  area  of  this  district  is  now  in  woodland.  The  waste 
land  consists  very  largely  of  old  fields,  many  of  which  have  upon 
them  so  heavy  a  sod  of  broom-grass  that  it  is  impossible  for  a  young 
seedling  to  gain  a  foot-hold.  Some  of  these  grass  lands  in  the  early 
spring,  when  the  young  grass  is  coming  up,  after  the  old  has 
been  burnt  off,  give  a  scanty  pasturage  for  a  few  cattle.  A  large 
part  of  the  area  is  typical  red  clay  old  fields,  washed  and  gullied, 
with  a  poor  sod  or  none,  and  brambles,  persimmon  trees  and  sassa- 
fras scattered  along  the  fence  rows. 

In  the  mountain  counties,  except  in  a  few  localities,  around 
some  of  the  larger  towns  and  in  long  settled  communities  there  is 
very  little  waste  land.  In  some  places,  however,  there  are  steep 
hill-sides  which  it  has  been  found  unprofitable  to  cultivate,  and  on 
which  no  turf  has  formed.  The.se  consecjuently  have  badly  washed 
and  gullied.  Turf  forms  on  the  clayey  soils  from  the  slaty  rocks 
less  readily  than  on  soils,  in  similar  situations,  from  the  gneissic 
rocks  and  schists,  and  there  is,  therefore,  more  washing  and  gully- 
ing of  the  land  on  the  first  mentioned  soils.  There  was  in  1880 
only  one-twentieth  of  the  land  in  these  mountain  counties  lying 
out  as  waste  land,  neither  in  fields,  pasture  nor  woodland. 

YOUNG  GROWTH   ON  WA.STK  LANDS. 

With  the  farms  scattered  as  they  are  through  the  forests,  and  sur- 
rounded on  all  sides  by  numerous  kinds  of  trees  it  would  be  almost 
impossible  for  a  year  to  pass  without  the  seed  from  .some  forest  tree 
being  scattered  on  the  numerous  old  fields  and  other  tracks  of  out- 
lying, waste  or  unproductive  lands. 

Young  trees  in  fact  do  appear,  pines  chiefiy  in  the  lower  division 
of  the  State,  oaks  mixed  with  pines  in  the  midland  division ;  pines, 
oaks,  tuli{)-poplar,  birches  and  maples  in  the  mountains,  according 
to  the  situation.  What  alone  prevents  the  young  trees  from  grow- 
ing on  the  lands  are  the  recurring  fires.  It  makes  little  difference 
where  situated  the  waste  lands  which  are  connected  with  fiirms 
are  almost  certain  to  be  broom-grass  fields.  The  burning  of  this 
grass,  thick  and  three  to  four  feet  high,  as  it  grows,  will  kill  out- 
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right  the  most  vigorous  young  trees  four  or  five  feet  high  or  higher. 
After  the  grass  has  been  in  possession  a  good  many  years  it  forms 
a  sod  or  turf,  if  such  it  can  be  called,  which  effectually  chokes  out 
the  young  seedling-of  all  except  the  hardiest  species. 

CHANGES    IN    THE    FOREST    BODY. 

While  the  changes  which  our  forests  are  undergoing  are  gradual 
they  are  certainly  effective ;  and  the  vicissitudes  which  we  know 
have  been  occasioned  elsewhere  by  such  degenerative  changes  in 
the  composition  of  the  forest  body  are  none  the  less  sure  because 
slowly  produced.  These  particular  changes  which  are  now  taking 
place  must  be  passed  through,  at  least  to  a  certain  extent,  that  we 
may  realize  them  and  take  due  precaution  against  their  continuance 
or  repetition. 

Happily  for  us  the  waste  of  our  forests  and  their  alterations  have 
been  produced  by  ourselves  in  the  attempt  to  satisfy  our  own  needs. 
Our  timber  production  up  to  the  past  decade  has  been  almost 
entirely  for  domestic  consumption.  Primarily  a  clearing  w^as  made 
for  agricultural  needs,  then  the  timber  was  used  for  building  our  own 
houses,  fencing  our  own  lands  and  furnishing  our  growing  demands 
as  fuel.  While  it  was  used  in  such  a  way,  and  only  the  largest 
specimens  culled  for  special  purposes  here  and  there,  it  was  felt 
that  the  forests  were  practically  inexhaustible. 

INCREASE    IN    THE    LUMBER    INDUSTRY. 

The  past  fifteen  years,  however,  have  marked  "grave  results. 
Since  1880  the  output  of  lumber  in  North  Carolina  has  more  than 
trebled;  and  the  value  of  the  capital  engaged  in  manufacturing 
has  increased  from  $1,740,000  as  reported  by  the  census  of  1880 
to  over  $6,000,000  at  the  present  time.  It  can  be  said  to  mark 
the  results  of  a  decade,  for  far  the  greater  part  of  the  increase  has 
taken  place  during  the  past  five  years.  It  began  along  and  near 
the  coast  where  abundant  water-ways  afforded  cheapest  transporta- 
tion facilities  for  both  logs  to  the  mills  and  the  finished  material 
to  the  consumer;  and  the  timber  most  in  demand  has  been  the 
hitherto  neglected  sap  loblolly  pine.  Already  this  new  industry 
has  made  deep  inroads  into  the  forests  of  that  section.     Not  con- 
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tent  with  the  so  long  despised  "  old-field  "  pine  the  swamps  have  been 
eanalled  to  reach  the  cypress  and  white  cedar  (juniper).  This 
increased  production  here  is  to  compensate  for  the  continually 
increasing  shortage  in  the  yield  of  white  pine  in  the  north-eastern 
States.  In  Michigan  alone  this  shortage  last  year  was  more  than 
the  entire  annual  production  of  pine  lumber  in  North  Carolina 
amounts  to  at  the  present  time. 

Last  year  (1894)  less  than  one-half  of  the  seven  or  eight  hun- 
dred million  feet  of  lumber  manufactured  in  this  State  was  used 
here;  and  each  year,  as  the  demand  for  Southern  lumber  becomes 
stronger  with  the  increased  consumption  and  the  exhaustion  of  the 
forests  of  the  Northwest,  a  larger  proportion  of  our  manufactured 
product  will  be  for  shipment. 

The  utilization,  on  a  commercial  scale,  of  the  hardwoods  of  this 
State  has  scarcely  yet  begun.  Of  the  800,000,000  feet  of  lumber 
manufactured  in  this  State  during  1894  not  over  50,000,000  feet 
were  of  hardwoods,  oaks,  ash,  walnut  and  cherry.  In  spite  of  the 
general  existing  industrial  depression  the  year  1894  chronicled  the 
investment  of  over  $300,000  in  the  hardwood  forests  of  western 
North  Carolina  by  northern  lumbermen,  while  there  had  been 
previously  invested  several  tinies  that  amount.  Cypress  and  yel- 
low pine  lands  alone,  to  the  extent  of  111,000  acres  and  $346,000 
valuation,  were  owned  by  Michigan  millmen  in  1890. 

The  next  decade  or  two  will  witness  the  development  of  the 
hardwood  industry  until  it  reaches  the  present  proportion  of  the 
pine  industry;  and  far-sighted  millmen,  seeing  what  an  important 
part  the  hardwoods  of  western  North  Carolina  are  to  play  in  the 
lumber  market,  are  attempting  to  secure  them  before  their  value 
becomes  generally  known  and  they  increase  in  price. 

Without  going  further  into  the  future  development  of  the  lum- 
ber industry  in  North  Carolina,  and  the  markets  to  be  supplied  by 
it,  the  general  facts  relative  to  the  extent  of  our  own  demands  and 
uses,  the  yearly  rate  of  accretion  of  our  forests,  and  their  capability 
of  yielding  the  products,  must  not  be  lost  sight  of. 

PRODUCTIVE    CAPACITY    OF    NORTH    CAROLINA    FORESTS. 

There  are  in  North  Carolina  at  the  present  time  about  12,000,000 
acres  of  land  in  productive  forests.     The  average  yield  of  this  land 
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per  aunuin  is  only  about  fifty  to  fifty-five  cubic  feet  of  wood,  or 
about  three-fourths  of  a  cord  to  the  acre.  In  the  mountains,  in 
places,  the  yield  is  twice  this  amount,  and  on  some  of  the  more  fer- 
tile sandy  loams  of  the  north-eastern  counties  it  is  eighty  to  ninety 
cubic  feet  per  annum :-  but  the  smaller  annual  increment  from  the 
greater  part  of  the  woodland  largely  reduces  the  average. 

This  small  yield  is  due  to  the  woods  being  kept  open,  or  non- 
productive, by  the  frequent  burnings,  and,  in  the  hardwood  forests, 
by  the  continual  presence  of  cattle,  which  keep  certain  kinds  of 
young  growth  eaten  down  ;  and  of  hogs,  w^hich  never  give  the  seed 
of  other  kinds  even  an  opportunity  of  germinating.  A  great  part  of 
the  land  in  the  eastern  section  of  the  State  is  kept  open  by  these 
agencies,  so  as  to  produce  only  scattering  and  short-bodied  trees. 

Some  of  the  second  growth  woodland  in  the  middle  district  suf- 
fers severely  from  the  same  causes,  but  not  so  much  as  in  the  east- 
ern section,  and  in  many  parts  of  the  mountains,  especially  those 
parts  where  cattle  and  sheep-raising  are  leading  occupations,  the 
woods  are  severely  injured  by  both  stock  and  fires.  The  harm  that 
is  being  done  in  the  mountains  is  as  yet  scarcely  noticeable,  as  in 
most  sections  the  mature  forest  still  stands  unbroken  by  the  axe. 
But  wherever  there  is  a  particular  kind  of  tender  growth  it  is 
noticeable  that  there  is,  even  in  the  finest  forests,  no  young  growth 
ready  to  take  the  place  of  the  mature  trees  on  their  removal.  Every- 
where destruction  is  pressing,  and  nowhere  do  the  natural  forces  of 
growth  prevail  unchecked. 

The  average  yield  per  year  in  this  State  should  be  not  less  than 
sixty-five  to  seventy  cubic  feet  of  timber  to  the  acre,  and  the  best 
quality  of  timber  at  that.  With  climate  as  equable  as  this,  and  a 
rain-fall  abundant  and  evenly  distributed  throughout  the  year, 
there  are  encountered  none  of  the  natural  drawbacks  to  forest 
growth  which  sylviculturists  must  so  often  contend  with.  The 
.soils,  too,  are  good,  and  well  adapted  to  tree-growing;  there  is  but 
little  land  rocky,  or  excessively  dry,  most  of  it,  in  fact,  being  deep 
and  well  drained. " 

If  the  three  million  and  more  acres  of  idle  and  waste  lands  be 
considered  in  this  connection  as  forest  lands,  and  much  of  it  really 
is  such,  the  average  annual  increment  is  reduced  much  lower  than 
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is  given  above.  Taking  the  annual  increment  on  the  basis  of  fifty 
to  sixty  cubic  feet  to  the  acre,  the  total  yearly  yield  of  our  forests 
will  only  amount  to  about  792,000,000  cubic  feet,  or  9,000,000 
cords  of  wood,  while  there  was  taken  from  the  forests  in  various 
ways  during  the  year  1894  not  less  than  975,000,000  cubic  feet,  or 
10,600,000  cords  of  wood. 

There  is,  then,  a  great  deal  more  wood  being  yearly  taken  from 
the  forests  in  North  Carolina  than  the  yearly  growth  replaces. 

CONSUMPTION    OF    WOOD    IN    NORTH    CAROLINA. 

By  far  the  larger  part  of  the  wood  used  in  this  State  is  for  domes- 
tic fuel.  In  the  consumption  of  wood  for  fuel  North  Carolina 
ranked, according  to  the  census  of  1880, as  the  fifth  State;  7,500,000 
cords  being  used  for  that  purpose  alone  in  1879  by  the  people  of 
this  State.  This  is  equal  to  five  and  one-half  cords  per  head  for 
every  person  in  the  State.  The  value  of  the  wood  used  for  fuel 
that  year  was  $9,500,000.  The  consumption  has  probably  greatly 
increased  since  then,  as  the  population  has  increased  over  300,000 ; 
it  certainly  has  not  decreased,  and  is  not  likely  to  do  so,  as  wood  is 
not  only  the  fuel  for  the  entire  rural  population,  but  is  the  chief 
fuel  used  in  all  the  towns,  and  in  manufactures  of  all  kinds  and 
by  many  of  the  railroads  now  in  operation.  The  general  quality 
of  the  wood  thus  utilized  is  on  the  whole  low,  but  in  the  south- 
eastern counties  some  of  the  finest  pine  is  being  used  in  this  way 
and  the  same  may  be  said  for  young  hickory  in  the  midland  counties. 

Material  for  construction  makes  the  next  largest  inroads  into  the 
forest.  There  were  at  least  200,000,000  cubic  feet  of  wood  thus  used 
last  year,  including  lumber,  shingles,  hewn  timber,  railroad  ties, 
telegraph  poles,  etc.,  and  taking  into  consideration  the  tops  that 
are  left  unused  in  the  woods;  while  there  was  half  as  much  more 
used  for  rail-fencing,  fuel  for  manufacturing  and  destroyed  by  fire. 
Even  this  does  not  represent  the  entire  amount  of  wood  that  this 
State  furnished,  for  many  million  feet  of  round  tiuiber,  mostly 
tulip-poplar,  white  pine,  ash  and  hemlock-spruce,  were  sent  to  mills 
in  east  Tennessee  by  way  of  the  rivers  flovWng  westward  out  of  this 
State ;  while  250,000,000  to  300,000,000  feet,  board  measure,  of  pine 
and  white  cedar  logs  were  exported  from  the  north-eastern  counties 


40  FOREST    FIRES. 

to  mills  in  the  adjacent  parts  of  Virginia  and  were  there  manu- 
factured. Moreover,  there  were '  exported  from  this  State  over 
400,000,000  feet,  board  measure,  of  manufactured  lumber,  besides 
square  timber,  railroad  ties,  posts,  etc.,  in  smaller  quantities. 

VALUE  OF  THE  ANNUAL  WOOD  PRODUCTION  IN  NORTH  CAROLINA. 

While  the  single  item  of  fuel  is  decidedly  the  most  important  of 
any  forest  product,  both  in  value  and  quantity,  it  represents  less  than 
one-half  of  the  entire  aggregate,  including  both  crude  timber  and 
the  manufactured  product  in  North  Carolina.  The  value  of  the 
crude  timber  produced  in  the  State  during  the  past  year  was  about 
as  follows: 

Value  of  fuel,  domestic  and  for  manufacturing $10,000,000 

Value  of  saw-logs  at  mills 3,500,000 

Value  of  round  timber,  exported 1,000,000 

Value  of  railroad  ties  and  hewn  timber  of  all  kinds,       500,000 
Value  of  all  split  fencing,  posts,  etc 500,000 

Total  value  of  all  crude  products $15,500,000 

If  the  value  of  the  manufactured  products,  including  by-pro- 
ducts like  naval  stores,  tan  barks,  various  oils  and  extractives, 
be  included,  the  total  value  of  the  forest  products  of  this  State  will 
certainly  not  be  less  than  $22,000,000  and  probably  will  reach  as 
high  as  $25,000,000. 

The  largest  items  under  the  head  of  manufactured  forest  prod- 
ucts are : 

Manufactured  lumber  of  all  kinds $7,300,000 

Special  industries,  veneers  and  woodenware 300,000 

Cooperage 125,000 

Paper  mill  products  (from  pulp),  estimated 100,000 

Resinous  products  (naval  stores,  etc.) : 1,750,000 

Tan  barks  and  extracts 45,000 

Wagon,  buggy  and  car  factories 600,000 

Furniture  and  repair  shops 200,000 

Oil  of  wintergreen 30,000 

Packing  boxes,  undertaking  caskets  and  agricultural 

implement  manufiu^tories S5,000 

Total  110,535,000 


TIIK    PEKIOD    KK<iriRKn    i'OU    KOHKST    IJOTATION.  41 

If  the  items  which  are  counted  twice  be  tiikeu  from  thisainouut 
and  the  value  of  the  crude  timber  which  is  not  manufactured  be 
added,  it  will  give  nearly  ^23,000,000  as  the  value  of  the  forest 
products  of  North  Carolina,  and  this  does  not  include  the  great 
item  of  building  and  construction,  and  several  minor  items. 

This  makes  the  forest  crop  decidedly  one  of  the  most  valuable 
in  the  State.  It  is  nearly  equal  in  value  to  the  corn  crop,  and 
exceeds  the  combined  value  of  all  other  grains.  It  greatly  exceeds 
in  value  the  united  products  of  all  the  Horicultural  and  horticul- 
tural interests. 

THE    PEKIOI)    RK<2V1REI)    FOR    FOREST    ROTATION. 

At  first  glance  it  seems  paradoxical  to  state  that  the  yearly  pro- 
duction or  accretion  of  our  forests  is  less  than  1), 000,000  cords, 
while  these  same  forests  are  now  furnishing  over  11,000,000  cords 
of  wood  per  year.  As  n  matter  of  fact,  the  growth  which  is  now 
being  cut  up  in  a  decade  or  two  represents  the  accumulation  by 
the  united  energies  of  nature  of  several  hundred  years.  The  only 
way  to  ascertain  the  length  of  time  it  retpiires  a  forest  to  reproduce 
itself  is  to  determine  the  period  required  for  the  individual  trees 
which  compose  it  to  reach  their  maximum  nge  and  size. 

The  loblolly  pine  (short-leaf  or  old-field  pine  of  the  eastern 
counties)  is  under  favorable  conditions  one  of  the  most  rapid  grow- 
ing trees.  Even  it  recjuires  fifty  to  sixty  years  for  the  old-field 
growth,  where  the  soil  has  been  cultivated  and  enriched,  to  become 
large  enough  for  saw-logs  with  a  diameter  of  about  two  feet;  while 
the  ordinary  swamp  or  rosemary  pine  growth,  which  furnishes  so 
much  of  the  timber,  represents  a  growth  of  over  a  century.  The 
cypress,  which  are  exceedingly  slow  growing  trees,  required  two 
or  three  times  as  long  to  reach  their  present  proportions.  Long- 
leaf  pines  sixteen  and  twenty  inches  in  diameter  are  between 
one  hundred  and  twenty-five,  and  two  hundre<l  and  fiftj'  years 
old.  The  mixed  pine  and  hardwood  forests  of  the  midland  coun- 
ties represent  in  their  virgin  condition  from  one  hundred  to  one 
hundred  and. fifty  years*  growth;  while  ft  will  reijuire  from  two 
hundred  to  three  hundred  years  to  replace  the  forests  of  the  moun- 
tains when  they  are  destroyed. 
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Taking  the  figures  of  the  census*  of  1880  as  a  basis,  and  these 
figures  are  doubtless  sufficiently  correct,  about  that  year  the  rela- 
tion between  our  wooded  area,  the  rate  of  accretion,  and  the  rate 
of  consumption  from,  or  rather  the  rate  of  depletion  of  our  forests, 
was  such  that  consumption  just  about  equalled  the  total  accretion 
of  that  year.  Each  year  after  the  occurrence  of  this  state  of 
equilibrium  there  has  been  a  more  decided  change  in  the  relation 
of  total  accretion  to  consumption;  for  not  only  has  the  forest  area 
been  constantly  lessening  by  the  encroachment  of  arable  lands, 
which  decreased  the  productive  possibilities,  but  there  has  been  a 
constantly  accelerating  increase  in  demand  as  population  increased 
and  wants  multiplied.  We  have  now  reached  a  situation  where 
depletion  hirgely  exceeds  accretion. 

It  is  evident  that  it  is  from  no  lack  of  woodland,  for  over  one- 
half  of  the  total  area  of  the  State  is  still  in  trees.  Some  change, 
therefore,  must  be  made  if  the  forests  are  to  continue  to  supply  our 
at  present  extravagant  needs. 

FOREST    AREA    OF    NORTH    CAROLINA    AND    ELSEWHERE. 

While  it  has  very  little  bearing  on  the  present  subject  it  may 
not  be  inappropriate  to  give  the  proportion  of  the  area  under  forest 
in  some  of  the  principal  countries  of  the  world.  European  Russia 
has  4()  per  cent,  of  its  area  in  woodland,  which  is  about  the  same 
proportion  which  is  in  this  State.  Austria  has  about  32  per  cent, 
of  its  area  in  forests.  There  is  26  per  cent,  of  the  German  Empire 
in  forests,  and  these  are  so  well  managed  that  they  supply  the  needs 
of  nearly  the  entire  German  j)eople.  Systematic  forest  manage- 
ment and  protection  of  woodland  is  of  long  standing  in  German\% 
jind  the  knowledge  and  experience  thus  gained  has  been  dissemi- 
nated throughout  all  Euroi)e,  and  is  now  being  utilized  in  conserv- 
ing and  increasing  the  efficiency  of  the  forests,  not  only  of  the  most  ' 
adyanced  European  countries,  but  also  of  India,  South  Africa  and 
Australia. 

In  France  the  system  of  Germany  has  been  adopted,  but  with  such 
alterations  as  best  suited' local  conditions;  and  by  its  application 


•These  figures  will  do  for  comparison,  but  for  actual  calculation  the  rate  of  accretion  should 
he  considerably  smaller,  and  at  tl;e  same  time  the  rate  of  depletion  larger,  which  would  make 
this  period  of  neutrality  antedate  the  year  given  at  lea.st  a  decade,  or  about  1S70. 
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the  people  are  largely  enabled  to  supply  their  owu  wood  with  only 
16  per  cent,  of  the  total  area  in  fort^st.  In  spite  of  the  natural  econ- 
omy of  the  people  of  France,  and  the  fact  that  other  materials  than 
wood  are  extensively  used  as  fuel,  considerable  amounts  of  build- 
ing timber  are  yearly  imported.  The  forest  area,  however,  is  now 
being  extended  by  the  planting  of  new  forests.  The  amount  to 
which  coal  is  used  for  fuel,  and  brick  or  stone  for  building  mate- 
rials, affects  more  than  any  other  factors  the  amount  of  wood  re- 
quired per  capita.  Omitting  the  area  west  of  the  Blue  Ridge,  which 
is  at  present  heavily  timbered,  but  forms  only  a  small  part — less 
than  one-seventh — of  the  aggregate  area  of  the  State,  the  wooded 
portion  of  the  remaining  part  is  less  than  oue-half  of  the  total  area. 
Practically  all  the  fuel  used  in  North  Carolina  is  wood,  while  in 
tlie  entire  eastern  section  of  the  State  wood  is  the  only  building 
material  available. 

PERMANENCY    OF    FORESTS. 

That  one  cannot  hope  to  see  a  young  growth  reach  maturity  and 
become  merchantable  sized  saw-logs  in  a  few  months  or  a  few 
years  should  not  deter  him  from  properly  protecting  and  en- 
couraging woodland  growth.  In  forests  which  have  been  partly 
culled,  as  most  of  those  of  this  State  have  been,  and  where 
there  are  many  trees  mature  or  nearing  maturity,  a  thicket  of 
young  growth  beneath  the  higher  trees  serves  an  important 
function  in  shading  the  ground,  aiding  in  the  retention  of  moist- 
ure and  thus  stimulating  the  older  trees  into  renewed  activity, 
and  especially  is  this  true  of  oak  woods.  That  tree-growth  is  most 
rapid  when  the  woods  are  kept  open  is  a  saying  seemingly  based 
on  fact,  but  erroneous  in  itself.  The  chief  requisite  in  timber  is 
length  of  bole  and  freedom  from  knots.  This  is  secured  only  by 
means  of  a  thick  growth  during  what  is  called  the  height-growth 
period  of  the  tree's  life.  It  is  under  these  conditions  that  the 
greatest  yield  to  the  acre  takes  place.  Diameter-growth,  which  is 
frequently  thought  to  represent  total  growth,  is  attained  by  full 
light  conditions;  but  this  thickening  of  the  stem  is  easily  secured 
after  height  is  gotten,  especially  in  the  hardwood  forests  where  cull- 
ing is  practiced,  by  the  removal  of  either  the  highest  trees  or  those 
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slightly  overtopped,  as  the  individuality  of  the  species  may  neces- 
sitate or  economy  demand. 

Forest  growth,  both  old  and  young,  then,  should  be  regarded  as 
an  integral  part  of  the  productive  wealth  of  the  country.  It,  how- 
ever, can  only  yield  returns  commensurate  with  its  value  when  the 
young  growth  is  carefully  protected  from  fire  and  the  destructive 
attacks  of  cattle. 

A  forest  is  not  a  min.e  of  wealth,  nor  does  it  represent  a  mine  in 
any  sense  of  the  word.  The  wealth  of  a  mine  is  incapable  of  in- 
crease or  replenishment  when  once  exhausted.  More  fittingly,  a 
forest  is  considered  a  soil  crop,  as  liable  to  external  injury  as  any 
other  soil  crop,  the  merchantable  trees  representing  the  mature 
harvest,  which  should  be  removed  in  such  a  way  as  to  not  seriously 
interfere  with  the  younger  growth,  which  in  time  will  also  reach 
maturity  if  properly  protected. 

It  must  be  considered  as  a  permanent  factor  in  wealth  production 
and  care  taken  to  husband  its  resources  and  to  favor  in  every  prac- 
tical way  the  growth  of  those  kinds  of  trees  which  are  now  fully 
recognized  as  commercially  important.  Although  the  forests  of 
other  parts  of  this  State  have  not  heretofore  been  of  industrial  im- 
portance, the  forests  of  the  eastern  section  have  during  the  past 
thirty  years  been  playing  such  an  important  part  in  its  commercial 
and  industrial  relations  that  this  fact  need  not  be  here  dwelt  upon. 
It  is  sufficient  to  say  that  the  value  of  the  forest  products  manufac- 
tured in  that  section  last  year  (1894),  from  the  pines  alone,  amounted 
to  over  $7,000,000,  and  the  very  basis  of  the  prosperity  of  most  of 
the  larger  towns  in  that  region  is  the  trade  in  or  manufactures  of 
forest  products. 

The  hardwood  forests  of  the  middle  and  western  districts  are  only 
now  beginning  to  have  a  general  commercial  value  for  their  prod- 
ucts. This  once  assured,  and  the  forests  then  will  be  commer- 
cially as  important  as  in  the  coast  region,  and  their  depletion  will 
be  brought  about  as  speedily. 

LOSSES    FROM    FOREST    FIRES    DURING    1894. 

With  a  view  of  determining  approximately  the  losses  caused  by 
forest  fires  in  the  State  during  1894  the  Geological  Survey  recently 
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seut  a  number  of  circular-letters  to  persons  living  in  the  several 
counties,  and  the  statements  published  below  have  been  abstracted 
from  the  replies  received.  Many  of  the  replies  were  so  general  or 
vague  in  their  statements  that  they  furnished  no  accurate  datCy 
even  for  local  districts,  merely  stating  that  the  ** damage  was  large" 
or  *' forest  fires  common."  In  the  middle  district,  where  herds  of 
improved  cattle  are  coming  to  be  kept  and  are  more  properly  cared 
for,  there  are  in  many  of  the  counties  stock  or  no-fence  laws,  which 
restrain  cattle  from  running  at  large  through  the  woodland.  This 
has  caused  the  practice  of  burning  the  woods  to  be  largely  discon- 
tinued, and  very  few  fires  were  reported  at  all  from  the  midland 
counties.  The  most  numerous  and  severe  fires  were  in  the  south- 
eastern counties,  where  the  chief  cause  for  burning  was  to  secure 
pasturage  for  a  few  cattle.  Other  fires  in  this  section  were  thought 
to  have  originated  in  efforts  to  protect  turpentine  orchards  and  to 
protect  homes  or  crops  from  destruction  by  accidental  fires.  Only 
a  few  fires  were  reported  as  having  been  caused  by  the  carelessness 
of  railroad  hands,  or  by  sparks  from  locomotives. 

SIMMARV   OF   REPORTS    FROM   COUNTIES. 

Abstracts  have  been  made  of  the  reports  received  from  each 
county,  preserving  in  each  case,  where  it  was  possible  to  do  so,  the 
words  of  the  correspondents.  The  reports  are  based  on  answers 
received  from  about  250  lettors  and  circulars  sent  to  persons  in 
eighty  of  the  ninety-six  counties.  The  sixteen  omitted  counties 
lay  in  the  middle  section  of  the  State. 

Alexander  county. — Only  a  few  forest  fires,  and  these  of  the 
kind  that  may  be  called  leaf-fires,  were  reported  from  this  county 
as  having  occurred  during  1894. 

Anson  cx)UNTY  was  almost  exempt  from  forest  fires  during  1894. 
Besides  numerous  leaf-fires,  a  severe  fire  burnt  or  seriously  damaged 
the  timber  on  probably  200  acres  of  long-leaf  pine  land  in  the 
southern  part  of  the  county,  occasioning  only  a  nominal  damage. 
The  destruction  of  undergrowth  among  pines  by  fire  is  not  consid- 
ered a  loss  by  the  people,  and  in  some  places  the  burning  of  wood- 
land is  regarded  by  them  as  being  rather  beneficial  than  otherwise. 

Bertie  cointy. — Numerous  reports  from  this  county  state  that 
while  there  were  many  small  fires,  mostly  leaf-fires,  the  damage 
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done  to  timber  and  fencing  was  not  great ;  3,000  to  6,000  acres 
were  burned  over,  with  a  loss  of  $1,000  to  $2,000.  The  origin  of 
many  of  the  fires  was  attributed  to  railroads.  A  great  deal  of  young 
timber  was  destroyed. 

Bladen  rouxTY  suffered  from  a  number  of  large  fires  during  the 
spring  months,  burning  over  hundreds  of  acres  with  an  almost  total 
loss  of  timber.  One  report  places  the  number  of  acres  burned  at 
5,000,  with  a  loss  of  $2,000;  the  largest  fire  being  at  iha  head  of 
Colly  creek,  and  burning  2,000  acres,  with  a  loss  of  about  $600. 
Firing  the  woods  was  intentional,  and  was  done  to  get  tender  grass 
and  to  protect  against  unexpected  fires  in  dry  seasons. 

Brunswick  tounty. — The  fires  in  this  county  were  for  the  most 
part  grass-fires,  which  were  set  in  the  s[)ring  for  pasturage.  A  large 
portion  of  the  county  was  burned  over;  some  turpentine  timber 
was  destroyed,  though  its  loss  did  not  amount  to  much.  Firing 
the  grass  is  commonly  practiced.  It  has  kept  most  of  the  pines 
killed  down  and  already  killed  out  a  large  part  of  the  young  crop 
of  long-leaf  pines,  which  resulted  from  the  mast  of  1892. 

BiLvcoMBE  COUNTY. —  Bumiug  the  woods  has  nearly  ceased  in  this 
county,  but  is  still  to  some  extent  practiced  in  the  mountain  dis- 
tricts, where  cattle  are  grazed  in  the  woods. 

Burke  county. — There  were  7,000  to  8,000  acres  of  timbered 
lands  reported  as  burnt  over  in  theHouth  mountains  alone,  killing 
a  large  amount  of  pine  timber  and  burning  much  fencing.  Fires 
also  occurred  along  the  Blue  Ridge  and  along  the  line  of  the  West- 
ern North  Carolina  railroad,  but  did  no  great  damage.  All  forest 
fires  after  the  first  of  March  kill  much  of  the  young  forest  growth. 
Fires  were  said  to  have  originated  from  burning  brush,  o'possum 
hunters,  and  more  frequently  from  incendiarism ;  those  along  the 
railroad  from  locomotives,  and  some  were  set  by  chestnut  gatherers. 
One  correspondent  thinks  that  burning  the  dead  herbage  and  under- 
growth does  good  by  killing  insects;  but  sometimes  it  also  kills 
yellow  pines  and  growing  timber.  The  benefit  that  may  be  done 
in  the  way  of  killing  insects  is  doubtless  insignificant  as  compared 
with  the  damage  resulting  from  these  forest  fires  in  the  way  of  kill- 
ing out  the  young  tree  growth. 
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Caldwell  county. — One  correspondent  states  that  he  knew  of 
nine  large  fires;  one  in  March  in  Lenoir  townshiji,  one  in  Marc!i  in 
(flobe  township,  one  in  March  in  Patterson  township,  one  in  April 
in  Yadkin  Valley  township,  one  in  November  in  Patterson  town- 
ship, and  another  there  in  December;  one  in  December  in  Yadkin 
Valley  township,  one  in  Lower  (Veek  township  and  one  in  Kings 
Creek  township.  There  were  from  10,()()()  to  15, (KM)  acres  burned 
over,  with  a  loss  of  about  $o,000. 

Another  correspondent  mentions  seven  tires  in  his  section  of  Cald- 
well county  during  the  year  1894.  Onc^  of  these  was  in  June  in 
Globe  township,  and  in  August  and  again  in  November  in  the  same 
township.  In  Noveml)er,  in  the  central  part  of  the  county,  near 
Lenoir,  two  fires  occurred,  one  in  Yadkin  Valley  township  and 
another  in  Yadkin  Valley  and  Patterson  townships  in  December. 
There  were  about  40,000  acres  burned  over,  with  a  damage  to  tim- 
ber of  about  $0,000.  Young  poplars  and  cliestnuts  sutler  most 
from  these  Hres,  but  white  pines  are  very  much  injured,  oaks  are 
scarred  and  often  injured  for  lumber,  as  is  also  the  case  with  chest- 
nuts and  hickories.  These  tires,  this  correspondent  tliinks,  will 
cause  the  gmdual  disappearance  of  the  chestnut.  The  trees  are 
scorched  by  the  tires  and  decay  sets  in  on  the  burnt  side.  Fires 
are  set  in  the  woods  to  make  the  grass  grow  for  cattle,  and  to  burn 
the  leaves  so  hogs  can  get  mast.  Wherever  the  stock-hiw  has  been 
introduced  the  number  of  fires  has  been  much  lessened. 

Catawba  county. — The  damage  to  timber  from  forest  tires  in 
Catawba  county,  as  in  many  of  the  otlx'r  counties  in  the  uiiddle 
section  of  the  State,  was  slight  so  far  as  could  be  learned,  The 
timber  in  the  county  is  largely  of  hardwoods,  usually  with  hard- 
wood undergrowth  in  the  forests. 

The  damage  to  timber  in  Mecklenijur(j,  Davidson,  Ranoolph, 
Guilford  and  Person  counties  was  caused  by  occasional  leaf-fires, 
and  was  on  the  whole  not  great. 

Camden  county. — A  forest  tire  on  the  "lake"  side  burned 
through  to  the  swamp,  near  the  Currituck  county  line.  Over  2,000 
acres  were  burned  over,  with  a  damage  of  $2,000  to  timber  and  con- 
siderable damage  to  other  property.  One  rei)ort  states  that  a  large 
lire  usuallv  occurs  in  this  localitv  cverv  vear.     There  were  several 
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brush  and  leaf-lires  in  other  i>arts  of  the  county,  which  occasioned 
no  more  serious  loss  than  the  destruetion  of  the  young  growth. 

Con'Miu's  couxTY. — Correspondents  stated  that  burnings  had 
occuired  in  numerous  localities  in  this  county,  but  they  were  una- 
ble to  give  the  extent  of  the  losses.  One  fire,  burning  over  about 
oOO  acres,  occurred  near  Fair  Bluff,  and  occasioned  a  loss  of  $125. 
It  is  said  to  have  been  due  to  the  carelessness  of  railroad  employees. 
Other  and  larger  fires  occurred  in  the  north-western  and  western 
parts  of  the  county,  near  Hub  and  Lennon's  cross  roads.  The  large 
turpentine  forests  of  this  county  have  been  gradually  destroyed  by 
fires,  which  have  also  burnt  the  young  growth  down  as  fast  as  it  has 
appeared. 

CrMBERLAND  ('OLNTV. — A  Correspondent  living  in  the  eastern 
section  of  the  county  writes :  ''  It  is  impossible  even  to  approximate 
the  number  of  forest  fires  occurring  in  this  county.  They  take 
place  mostly  in  the  late  fall,  when  their  illumination  is  almost 
nightly  seen  and  frequently  at  every  point  of  the  compass  at  the 
same  time.  The  damage  caused  l>y  them  during  the  past  year  was 
very  great,  especially  to  old  pines,  and  the  area  burned  over  large. 
The  greater  part  of  the  young  growth  in  tiie  forest  has  been  destroyed 
except  the  black-jacks,  which  in  their  green  state  are  uearly  fire- 
proof, and  it  is  fortunate  for  the  peo{)le  of  the  sand-hills  that  it  is 
so.  Burning  the  woods  is  far  too  common,  but  is  clandestinely 
done,  as  public  sentiment  decries  it.  It  is  done  to  stimulate  early 
growth  for  worthless  cattle." 

p]iKiE(OMHE  (X)rNTY. — A  Correspondent  writes  that  so  far  as  he 
was  able  to  judge,  after  consultation  with  others,  more  than  two- 
thirds  of  the  entire  forest  area  of  this  county  was  burned  over  in 
P>bruary,  March  an  1  April.  Fires  in  the  woods  at  other  seasons 
occasion  but  little  damage.  Tht^  damage  to  the  standing  timber 
each  year  is  from  ">  to  10  per  cent,  of  its  value  on  the  area  burned 
over.  When  a  forest  is  not  burnt  over  in  a  number  of  years  the 
damage  then  from  lire  is  much  greater.  Losses  from  burning  of 
fences  amounted  in  1894  to  about  $500.  Fires  are  usually  acci- 
dental from  burning  old  fields  and  brush  and  hunting  with  torch. 
They  have  burned  down  mo.st  of  the  boxed  pines  and  destroyed  the 
young  growth  of  timber. 
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On  the  basis  above  given  60,000  to  80,000  acres  must  have  been 
burnt  over,  with  a  loss  of  $10,00.0  to  $20,000. 

(traham  county. — Burning  the  woods  has  been  practiced  in  this 
and  in  Cherokee  county  ever  since  they  were  settled,  and  before 
that  time  the  Indians  practiced  it.  The  trees  in  many  places, 
especially  the  chestnuts,  have  been  scorched  on  one  side  and  then 
hollowed  out  from  the  effects  of  the  tires.  Much  other  timber  and 
young  growth  is  injured.  Many  of  the  mountains  in  Graham  and 
Swain  counties  were  burned  over  by  the  Indians  during  the  past 
year.  It  is  safe  to  say  that  one-fourth  of  the  mountain  lands  of 
these  three  counties,  Graham,  Swain  and  Cherokee,  was  burnt  over 
during  the  past  year. 

Halifax  county. — A  destructive  fire  occurred  in  March  just 
west  of  P^nfield,  which  burned  over  some  4,000  or  5,000  acres  of 
timbered  land.  The  damage,  the  correspondent  thinks,  would 
be  at  least  $1.50  per  acre,  all  undergrowth  less  than  three  inches  in 
diameter  being  killed.  Fires  in  the  woods  in  this  county  are  usu- 
ally traceable  to  camp-fires,  hunters  and  tramps.  No  reports  were 
received  from  other  sections  of  this  county. 

Harnett  county. — Leaf  fires,  or  grass  fires,  set  to  better  the  pas- 
turage, burned  over  a  large  part  of  the  wooded  area  of  the  county 
lying  south  of  Upper  Little  river.  This  part  of  the  county  has 
been  burned  over  so  many  previous  times  that  nearly  all  the  tim- 
ber on  it  has  been  destroyed.  There  were  a  few  unimportant  fires 
in  the  northern  part  of  the  county. 

Henderson  county. — One  report  states  that  a  large  part  of  the 
forest  lands,  at  least  one-third,  was  burned  over  during  the  winter 
of  1893-'94,  between  November  and  May,  with  a  heavy  loss  of 
timber.  The  same  report  states  that  at  least  two-thirds  of  the 
standing  timber  has  been  damaged  by  fires  which  occur  regularly 
each  season,  and  which  are  purposely  started  to  better  the  pas- 
turage.    Some  fires,  however,  are  accidental. 

Jackson  county. — The  outside  mountain  lands,  or  wild  lands, 
are  yearly  burned  over  to  supply  grazing.  At  least  a  third  of  the 
area  of  those  hinds  was  estimated  to  have  been  burned  during  the 
pavSt  year.  Great  damage  is  done  to  the  poplar  and  chestnut  tim- 
ber; indeed  it  is  difficult  to  find  in  these  wild  lands  a  tree  of  these 
kinds  that  is  not  defective  at  the  base  from  this  cause. 
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Johnston  county,  like  the  other  counties  in  which  the  long-leaf 
piue  predominates,  yearly  has  a  large  part  of  its  area  burned  over 
for  the  pasturage.  Besides  all  the  young  pines  being  destroyed  the 
damage  to  timber  last  year  was  estimated  to  amount  to  five  per 
cent,  of  the  value  of  the  timber  on  the  area  burned  over,  and  this  , 
was  very  little  in  excess  of  the  usual  annual  loss. 

Jones  county. — Only  a  few  local  fires  were  rej)orted  from  this 
county. 

Macon  county,  like  so  many  of  the  other  mountain  counties, 
yearly  has  a  large  part  of  the  ''wild  lands"  burned  over.  And 
although  the  fires  are  chiefiy  leaf-fires  they  have  caused  great 
damage  to  the  timber.  Between  10, ()()()  and  20,000  acres  were 
estimated  to  have  been  burned  over  during  the  past  year.  The 
loss  from  the  fencing  destroyed  was  placed  at  more  than  $2,000. 

Madison  county. — Although  there  were  several  fires  at  various 
places  in  the  county  there  was  only  a  single  destructive  one  reported, 
which  burned  over  about  fifty  acres.  Burning  the  woods  is  prac- 
ticed in  many  sections  of  the  county  to  keep  the  woods  open  and 
better  the  grazing. 

Mitchell  county. — Thousands  of  acres,  mostly  on  southern 
slopes,  were  reported  as  burned  over  during  the  past  year  in  this 
county.  One  correspondent  says  that  although  the  damage  to. 
standing  timber  from  a  single  fire  appears  to  be  small  the  continual 
burning,  year  after  year,  results  in  serious  damage,  killing  much 
of  the  timber  and  seriously  injuring  the  rest,  so  that  its  value  has 
been  lessened  one-half  by  the  mere  repetition  of  the  leaf-fires.  -On 
many  south  mountain  slopes  lyany  of  the  larger  trees  have  been 
destroyed  and  only  a  brushy  growth  occupies  their  place.  The 
practice  of  burning  the  woods  for  improving  pasturage  is  a  com- 
mon one  in  parts  of  this  county. 

Many  of  the  statements  made  about  the  practice  of  tiring  and 
the  resultant  damage  to  the  woodland  of  Mitchell  county  will  apply 
as  well  to  parts  of  the  adjoining  counties  of  Yancey  and  Watauga. 

Montgomery  county. — Besides  the  usual  spring  fires  set  for 
bettering  pasturage  a  few  destructive  fires  were  reported  to  have 
occurred  in  the  wake  of  the  lumbermen  in  the  eastern  and  southern 
parts  of  the  county. 
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Moore  county. — The  forests  of  this  county  have  been  devastated 
in  the  past  few  years  by  several  large  and  destructive  fires.  One 
in  1892  consumed  a  large  amount  of  timber  in  the  southern  part 
of  the  county  and  wiped  the  village  of  West  End  out  of  existence. 
Another  in  1893  destroyed  long-leaf  pine  timber  to  the  value  of 
$50,000.  Fortunately,  however,  there  were  no  destructive  fires 
during  the  past  year,  although  a  large  portion  of  the  county  was 
burned  over  for  pasturage,  or  to  protect  [)roperty  against  an  unex- 
pected fire  in  a  dry  season. 

New  Hanover  county. — There  were  between  3,000  and  4,00i) 
acres  in  this  county,  covered  with  young  pine  trees,  burned  over. 
Many  of  the  young  trees  were  killed;  otherwise  the  damage  was 
not  great.  Fires  have  greatly  decreased  in  this  county  since  the 
adoption  of  the  stock  law. 

Northampton  county. — Only  a  few  local  fires  were  reported  from 
this  (founty. 

Onslow  county  was  visited  by  several  destructive  forest  fires. 
One  correspondent  mentions  five  large  fires  which  occurred  on  the 
west  side  of  New  river  in  the  tur[)entine  woods.  These  burned 
over  1,000  acres,  with  a  loss  of  over  $6,000,  mostly  of  pine  timber 
and  young  growth.  Another  })erson  writing  from  the  southern 
part  of  the  county  says  that  one  fire  in  the  neighborhood  of  Brown 
sound  burned  over  about  8,000  acres,  WMth  a  loss  of  $5,000.  This 
fire  originated  from  lightning.  Another  fire  was  mentioned  near 
the  Duplin  county  line  which  burned  300  acres.  Burning  is  com- 
monly practiced  in  this  county  for  improving  pasturage. 

Perquimans  county. — Six  fires  occurred  in  April  and  May  in 
Parkville  and  New  Hope  townships,  burning  over  a  large  area. 
While  the  damage  to  standing  timber  was  not  large  a  great  injury 
was  inflicted  on  the  underwood,  which  was  all  killed.  These  fires 
were  purposely  .started,  and  are  thouglit  to  improve  the  forests  and 
drive  out  foxes  and  other  wild  animals.  The  practice  of  burning 
is  here  frequent. 

Richmond  county. — There  were  6,000  to  7,000  acres  of  timbered 
land  burned  over  in  this  county,  the  burned  areas  lying  for  the 
most  part  in  the  southern  and  eastern  portions  of  the  county.  The 
most  extensive  one  was  in  Marks  Creek  township.     This  burned 
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over  1,000  acres  of  recently  lumbered  pine  lands,  killing  all  the 
young  pines  and  a  great  deal  of  scrub  oak  timber.  The  wire-grass 
in- the  pine-barrens  is  fired  every  spring  to  better  the  grazing  and 
to  kill  out  the  young  growth. 

Robeson  county  seems  to  have  sutiered  less  than  usual  from  tires 
during  1894.  There  w^ere  a  great  many  small  grass-fires  which 
destroyed  the  undergrowth.  In  that  portion  of  the  county  where 
the  stock  law  is  in  operation  there  were  very  few  fires. 

Sampson  county. — A  correspondent  from  this  county,  which  lies 
in  the  long-leaf  pine  region,  estimated  that  there  were  100,000  acres 
of  timbered  land  burned  over,  with  a  loss  of  $50,000.  The  loss  was 
mostly  in  young  growth,  to  a  less  extent  in  timber.  Burning  is 
practiced  for  pasturage;  but  some  fires  are  accidental.  Most  of  the 
young  pine  growth  in  the  forests,  especially  in  the  southern  part 
of  tte  county,  is  kept  killed  down.  Another  correspondent  in  the 
south-western  part  of  the  county  states  that  there  were  no  serious 
forest  fires  in  his  section  during  the  past  year,  though  there  were 
many  smaller  ones. 

Wake  county. — There  is  a  considerable  part  of  this  county 
burned  over  every  fall  and  spring,  damaging  a  great  deal  of  young 
growth.  The  same  applies  also  to  the  adjoining  counties  of  Nash 
and  Chatham.  Most  of  these  fires  are  purposely  started  or  escape 
from  brush-fires  where  new  ground  is  being  cleared. 

Wayne  county. — A  large  part  of  the  southern  section  of  this 
county,  where  it  is  very  sandy  and  grassy,  was  burned  over  in  the 
spring  of  1894  for  pasturage.  Fires  have  killed  all  of  the  young 
long-leaf  pines  in  this  part  of  the  county  and  only  scrub  oaks  have 
taken  their  place. 

Remaining  counties. — No  reports,  or  none  that  were  satisfactory, 
were  obtained  from  Tyrrell,  Washington,  Dare,  Hyde,  Duplin,  and 
Carteret  counties,  lying  in  the  eastern  section  of  the  State.  These 
counties,  however,  have  a  large  proportion  of  their  areas  under 
swamp. 

No  reports  were  received  from  Wilkes,  Stokes,  Polk  and  Ruther- 
ford counties  ;  but  it  is  safe  to  say  that  a  large  part  of  the  woodland 
in  them  was  burned  over,  as  was  the  case  with  the  other  piedmont 
counties  of  Burke  and  Caldwell. 
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No  attempt  was  made  to  secure  any  specific  information  from 
the  counties  in  the  middle  portion  of  the  State,  as  these  have  hard- 
woods for  a  large  part  of  their  timbers,  are  thickly  settled  and  the 
woodland  is  not  so  much  injured  by  fires  as  elsewhere  in  the  State, 
nor  is  the  practice  of  burning  so  frequently  resorted  to  in  order  to 
stimulate  a  scanty  pasturage.  There  is  still  room,  however,  for  a 
large  reform. 

A(iGRE(JATE    VALUE    OF    THE    PROPERTY    DESTROYED    RY 
FOREST    FIRES. 

The  difficulty  of  getting  any  reliable  figures  concerning  forest 
fires  is  well  sl^own  in  the  incomplete  reports  from  the  several  coun- 
ties enumerated  above.  The  nature  of  the  subject  explains  the 
difficulty  of  obtaining  full  statistics.  The  large  number  of  the 
fires — most  of  them  being  leaf-fires,  which  are  of  so  fre(iuent  and 
general  occurrence  as  to  fix  neither  locality  nor  extent  definitely 
in  the  memory  of  even  those  who  saw  them — and  the  inability  of 
the  most  widely  informed  persons  to  estimate  and  report  accurately 
beyond  a  local  district,  render  the  agcumulation  of  exhaustive  evi- 
dence upon  the  extent"  and  destruction  of  these  fires  w^ell-nigh 
impossible. 

The  damage  as  stated  by  the  correspondents  from  the  several 
reporting  counties  must  have  aggregated  over  $400, 000,  and  there 
must  have  been  l)etween  800,000  and  1,200,000  acres  burned  over 
during  the  year.  The  damage  attributed  to  Sampson  county  may 
be  in  excess  of  the  actual  losses  sustained  ;  but  that  from  the  other 
counties  is  in  all  cases  probably  underestimated,  usually  a  third  or 
a  half  smaller  than  in  reality.  Moreover,  it  is  difficult  to  fix  any 
standard  by  which  losses  can  be  ascertained;  for  only  mature  trees 
of  certain  merchantable  si)ecies  are  considered  in  making  the  esti- 
mates, w^hile  the  destruction  of  kinds  with  no  commercial  valua- 
tion as  yet,  and  young  growth,  is  counted  as  nothing.  The  coun- 
ties reporting,  too,  embraced  only  about  one-half  of  the  area  of  the 
State,  and  the  writer  from  his  own  observation  of  the  damage 
wrought  in  previous  years  in  these  non-reporting  counties  would 
estimate  the  damage  of  them  at  over  one-half  of  what  it  is  in  the 
other  counties,  or  over  $200,000.     The  entire  loss  in  1894  caused 
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by  forest  fires  in  the  State  was  certainly  not  less  than  $600,000 ;  and 
from  1,500,000  to  2,000,000  acres  of  forest  and  wastelands  were 
burned  over.  Only  on  a  comparatively  small  part  of  this  land, 
however,  did  the  fires  amount  to  more  than  leaf,  or  brush,  or  grass- 
fires;  but,  as  has  been  shown  already  these  result  ultimately  in 
the  total  destruction  of  the  forest. 

THK  RELATIVE   PREVALENCE  OF   FIRES   IX   DIFFERENT  REGIONS. 

The  most  numerous  and  severe  fires  in  this  State  occur  in  the 
south-eastern  counties  in  what  is  known  as  the  long-leaf  pine  belt, 
or  pine-barrens.  High  and  tliick  grasses  cover  the  ground  and 
when  dry  in  winter  and  spring  form  a  fuel  which  carries  fire  before 
a  wind  at  an  alarmingly  rapid  rate.  New  Hanover  county  and  parts 
of  Robeson  and  Pender,  w^here  the  stock  laws  are  in  force,  have 
comparatively  few  forest  fires.  In  the  north-eastern  counties  there 
are  neither  so  many  fires  nor  is  the  damage  resulting  so  great  as  it 
is  farther  south.  Almost  one-fourth  of  the  definitely  reported  fires 
occurred  in  the  south-eastern  counties.  So  difficult  is  it  to  extinguish 
these  wire-grass  fires  when  once  well  under  way  that  they  have  been 
known  to  burn  from  Hamlet  to  Fayetteville,  a  distance  of  forty 
miles. 

Next  in  order,  as  far  as  number  and  extent  of  area  burned,  come 
the  south-western  mountain  counties.  The  soil  here  is  in  many 
places  in  a  condition  in  which  it  holds  but  little  water,  so  the  dry 
leaves  burn  well,  and,  wherever  there  are  any  Indians,  the  woods 
are  regularly  burned;  but  the  Indians  are  by  no  means  the  only 
offenders.  The  mountainous  parts  of  the  piedmont  counties  suffer 
a  great  deal  also,  the  ridges  being  steep,  and  much  pine  mixed 
with  the  hardwoods,  so  that  a  fire  once  started  in  a  dry  season 
burns  briskly.  The  woods  of  the  other  counties  west  of  the  Blue 
Ridge  are  frequently  burned  when  the  season  is  dry  enough;  but 
the  conditions  in  these  are  not  as  conducive  to  fires  as  in  the  south- 
western counties.  The  fires  in  the  piedmont  and  mountain  coun- 
ties are  leaf  or  brush-fires,  rarely  damaging  directly  anything  except 
the  bases  of  the  trees. 

The  midland  counties  enjoy  a  comparative  exemption,  no  very 
large  fires  being   reported    from   this   section.      The  people   are 
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begiimiog  to  realize  their  damage  and  preveut  them  and  make 
every  effort  towards  extinguishing  them  when  once  started.  Tliey 
rarely  pass  beyond  brush  or  leaf-fires. 

The  fires  in  the  eastern  part  of  the  State  not  infrequently  pass 
from  the  grass  to  the  pine  trees  which  have  been  boxed  and  either 
ruin  the  face  of  the  turpentine  box  or  burn  the  boxes  out  so  that 
the  first  storm  will  blow  the  trees  down.  After  the  face  of  a  box 
has  been  burned  only  a  low  grade  of  rosin  can  be  obtained  from 
it,  since  the  cinder  darkens  the  resin. 

THE  ORIGINS  OF   FOREST   FIRES. 

By  far  the  greater  number  of  the  fires,  at  lea.st  two-thirds  of 
tliem,  seem  to  be  of  intentional  origin.  And  at  least  two-thirds  of 
those  purposely  set  are  to  secure  or  improve  the  pasturage.  In 
the  eastern  part  of  the  State  these  spring  fires  burn  off  the  tough 
and  thick  old  growth  of  wire-grass  and  broom-straw  and  the  cattle 
can  very  early  in  the  spring  for  several  weeks  get  a  fairly  good 
pasturage.  Ttie  grass,  however,  soon  becomes  too  hard  to  be  eaten. 
In  the  mountains  fires  are  set  to  get  rid  of  the  leaves,  so  that  the 
young  grass  can  be  easily  reached  in  the  spring:  to  burn  off  the 
stiff  weeds,  etc.,  and,  what  is  much  more  important  to  the  grazer, 
keep  the  young  tree  grow^th  killed  down.  Keeping  the  young  tree 
growth  killed  down  exercises  a  twofold  influence;  it  keeps  the 
woods  open  so  that  grasses  and  herbage  can  grow^  for  these  will 
not  grow  where  it  is  too  shady;  and  it  keeps  all  pines  and  other 
conifers  killed  down,  as  these  do  not  so  readily  sprout  from  the  stump; 
while  keeping  them  killed  keeps  the  hardwoods,  which  cattle  eat,  of 
low  growth,  or  always  sprouting  from  the  roots,  so  that  they  afford 
young  and  tender  shoots  within  easy  reach  of  cattle.  It  must  be 
borne  in  mind,  however,  that  these  fires  also  destroy  much  of  the 
grass  and  other  annual  and  perennial  herbs  and  shrubs,  by  destroy- 
ing both  the  seeds  and  the  plants  themselves,  in  the  forests  and 
about  the  margins;  and  that  in  this  way  in  the  long  run  the  pas- 
turage in  the  forests  is  injured  rather  than  improved  by  these 
repeated  burnings. 

Burning  to  protect  houses,  etc.,  is  said  to  be  a  frequent  cause 
for  firing  in  the  south-eastern  counties.     These  are  fires  set  on 
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still  days  to  get  rid  of  the  inftaramable  material,  so  that  there  will 
be  no  danger  to  farms  and  crops  and  houses  from  a  chance  fire  in 
windy  weather.  A  few  fires  were  reported  as  set  to  enable  hogs 
to  find  mast;  and  some  by  chestnut  hunters;  some  from  malice. 
In  the  turpentine  orchards  they  are  intentionally  set  to  keep  the 
growth  down  and  get  rid  of  the  inflamable  grass  before  the  boxes 
are  cut,  or  the  sap  begins  to  rise  in  the  trees.  Some  were  said  to 
be  set  to  get  rid  of  insects,  pine  borers,  etc.,  which  is  certainly 
using  a  very  dangerous  remedy  for  an  insignificant  evil. 

Still  other  fires  were  reported  as  being  started  to  drive  game 
from  cover.  Most  of  the  fires  in  the  eastern  and  many  in  the 
western  part  of  the  State  are  started  by  indigent  persons  who  are 
amenable  to  no  law%  who  regard  all  property  as  open  to  destruction 
and  forests  as  communal  property;  persons  whose  parents  were 
hunters  and  who  themselves  are  scarcely  yet  seriously  affected  by 
the  civilization  which  defines  property  and  allows  to  the  individual 
its  possession.  The  few  fires  that  were  reported  as  being  of  acci- 
dental origin  were  from  hunters  at  night,  campers,  locomotives, 
lightning,  and  many  from  burning  brush  or  logs  in  clearing  land. 

THE    FOREST    FIRE    LAWS. 

The  general  law  in  North  Carolina  relative  to  forest  fires  has 
remained  on  the  statute  books  practically  unchanged,  and  largely 
a  dead  letter,  since  it  was  enacted  in  1777;  and  during  this  nearly 
a  century  and  a  quarter  that  has  passed  since  that  time,  fire  has 
destroyed  more  timber  in  the  State  tiian  the  lumberman  has  cut. 
The  law  is  as  follows: 

"No  person  shall  set  fire  to  any  woods,  except  it  be  his  own  prop- 
erty; nor  in  that  case,  without  first  giving  notice  in  writing  to  all 
persons  owning  lands  adjoining  to  the  woodlands  intended  to  be 
fired,  at  least  two  days  before  the  time  of  firing  such  woods,  and 
also  taking  effectual  care  to  extinguish  such  fire  before  it  shall 
reach  any  vacant  or  patented  lands  near  to  or  adjoining  the  lands 
so  fired. '^* 

"Every  person  wilfully  offending  against  the  preceding  section 
shall,  for  every  such  offense,  forfeit  and  pay  to  any  person  who  will 


*Code,  1883,  c.  7,  8.  52. 


THE    FOREST    FIRE    LAWS.  57 

sue  for  the  Siiino  fifty  <lollars,  and  be  liable  to  any  one  injured  in 
an  action,  and  shall  moreover  be  guilty  of  a  misdemeanor."* 

Besides  these  laws  relating  to  firing  the  woods  there  is  the  follow- 
ing one  in  regard  to  wagons  and  camps : 

**If  any  wagoner  or  other  jierson  camping  in  the  o[)en  air  shall 
leave  his  camp  without  totally  extinguishing  his  camp-fire  he  shall 
be  liable  to  a  penalty  of  ten  dollars,  to  be  recovered  by  any  person 
suing  for  the  same,  and  shall  furthermore  be  liable  for  the  full 
amount  of  damages  that  any  individual  may  sustain  by  reason  of 
an^'  fire  getting  out  from  said  camp,  to  be  recovered  by  action  in 
the  Superior  Court  for  the  county  in  which  said  camp  may  be  situ- 
ated, or  in  which  said  damage  may  be  done:  Provided,  that  this 
section  shall  apply  only  to  the  counties  of  Cumberland,  Harnett, 
Bladen,  Moore,  Hertford  and  Chowan^'f- 

The  last  section  was  passed  in  18f>4-*6o,  is  in  operation  only  in  six 
counties,  and  covers  merely  the  case  of  accidental  fires  from  camp- 
eirs,  A  statute  similar  in  its  provisions  but  imposing  a  heavier  fine 
was  passed  in  1885.  Its  application  extends  only  to  thirteen  coun- 
ties, embracing  most  of  those  in  the  south-eastern  part  of  the  State. 
It  is  as  follows : 

"If  any  wagoner  or  other  person  camping  in  the  open  air  shall 
leave  his  camp  without  totally  extinguishing  the  camp-fire  he 
shall  be  guilty  of  a  misdemeanor,  and  on  eonvicti(m  fined  not  ex- 
ceeding fifty  dollars  or  imprisoned  not  exceeding  thirty  days,  at 
the  discretion  of  court,  and  also  be  liable  to  parties  injured:  Pro- 
vided,  that  this  statute  apply  only  to  the  counties  of  Onslow,  Pen- 
der, Edgecombe,  Robeson,  Wayne,  Columbus,  Cumberland,  New 
Hanover,  Bertie,  Cabarrus,  Harnett,  McDowell  and  Davie."t 

There  is  besides  the  above  a  special  law  applying  only  to  Pam- 
lico county  which  was  passed  in  1889.  This  forbids  any  person  from 
firing  his  woodland  or  marsh-land  between  May  1st  and  December 
31st,  unless  it  be  separated  by  a  swamp  or  stream  from  the  lands 
of  other  persons. § 


•Code,  1S83,  c.  7,  s.  53. 

Kodc,  1883,  c.  7,  s.  54- 

tLaws  of  North  Carolina,  1885,  c.  126,  s.  i. 

§I«aws  of  North  Carolina,  18S9,  c.  246,  s.  i. 
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Tliere  is  no  doubt  that  section  52  of  the  Code  of  1883,  in  regard 
to  notice  of  intention  to  burn  being  sent  to  owners  of  adjoining 
woodland,  is  a  dead  letter.  Over  two-thirds  of  the  woodland  fires 
in  this  State  are  purposely  set,  and  their  annual  number  must  reach 
at  least  500  to  700.  The  writer  is  unable  to  learn  of  a  single  case 
in  which  such  notice  was  given  by  the  parties  who  started  the 
fires.  Although  a  large  number  of  the  fires  annually  occurring 
are  traced  to  night  hunters  and  a  few  to  day  hunters,  there  is  no 
statute  providing  for  fires  originating  either  through  carelessness 
or  design  of  persons  so  engaged  in  hunting.  ^ 

VARIOUS    VIKWS    rPON    THE    EXLSTIN(;    FIRE    LAWS.  ' 

A  question  was  asked  many  persons  concerning  the  efficiency  of 
the  existing  forest-fire  law;  and  for  suggestions  by  which  its  effi- 
ciency could  be  improved  or  its  provisions  more  effectuallj'  en- 
forced. As  all  shades  of  belief  and  criticism  found  expression 
some  of  the  more  prominent  and  pertinent  answers  are  given  below. 

Over  one-half  of  the  answers  received  indicated  that  their  writers 
were  ignorant  of  the  existence  of  a  law  concerning  forest  fires  or 
burning  brush,  etc.  The  chief  idea  expressed  was  that  if  a  person's 
timber  is  seriously  damaged  by  a  fire  started  on  his  land  by  another 
person  a  suit  can  be  brought  for  damages  against  the  off*ender. 

Such  action  is  brought  against  railroad  companies  when  fires  afe 
traceable  to  locomotives,  and  the  assessed  damage  is  usually  paid  in 
such  cases. 

A  prominent  correspondent  in  one  of  the  piedmont  counties  said : 
"A  law  to  prevent  them  (fires)  would  be  difficult  to  enforce  from  the 
fact  that  it  would  be  impossible  to  find  out  who  does  the  firing.*^ 

One  in  eastern  North  Carolina  wrote:  '*The  no-fence  law  would 
prove  the  most  efficacious  in  regard  to  those  of  intentional  origin. 
Penalties  should  be  enforced  on  the  responsible  parties  when  re- 
sulting from  carelessness." 

A  writer  in  one  of  the  south-western  counties  said:  **I  do  not 
think  the  present  law  strong  enough.  Fires  can  only  be  prevented 
by  passing  strict  laws  with  heavy  penalties,  and  the  strict  enforce- 
ment of  the  same  by  the  courts,  which  has  not  been  done  hereto- 
fore in  this  part  of  the  State.     Most  of  our  people  would  be  glad  to 
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see  the  law  stric^tly  enforced  and  a  stop  put  to  forest  tires,  as  noth- 
ing is  doing  this  part  of  the  State  more  harm." 

Another  states :  "  We  have  plenty  of  law,  but  it  is  difficult  to  en- 
force it.  The  people  need  to  be  educated  on  the  subject.  Wherever 
the  stock  law  has  been  introduced  it  has  been  found  that  the  num- 
ber of  fires  has  been  much  reduced.^* 

The  writer  of  the  following,  like  many  others,  appears  ignorant 
of  the  existence  of  a  fire  law :  *'If  a  fire  gets  out  on  another^s  land 
not  only  should  the  party  offending  have  to  pay  the  damages  but 
be. subject  to  a  suitable  penalty  for  misdemeanor/* 

A  person  in  one  of  the  south-eastern  counties  whose  lands,  he 
says,  have  been  much  damaged  by  fires  thinks  it  would  be  a  good 
idea,  in  neighborhoods  where  fires  are  common,  to  have  a  man  to 
look  after  them  and  see  that  offenders  are  reported  and  punished. 

INFIA'ENCE    OF    LUMBERMEN    IN    CHECKING    FIRES. 

The  influence  that  earnest  millmen  can  exert,  if  so  minded,  will 
probably  have  more  effect  in  their  respective  localities  than  the 
enactment  of  any  law,  no  matter  how  severe  and  exacting  may  be 
its  provisions.  If  these  millmen,  who  form  in  reality  one  of  the 
most  interested  classes,  will  take  the  matter  in  hand  and  make 
their  employes  understand  that  the  protection  of  the  young  growth 
from  (ires  is  the  assurance  of  labor  for  them,  and  it  is  the  only  way 
that  the  lumber  industry  can  be  perpetuated  in  this  State,  there  w\\\ 
be  gained  a  strong  position  of  vantage.  These  laborers  and  the 
opinions  held  by  them  reach  a  class  which  writing  of  no  sort  can 
reach  or  influence;  and  it  is  this  class  which,  either  ignoring  or 
neglecting  to  consider  both  the  moral  and  pecuniary  aspects  of  their 
acts,  is  responsible  for  far  the  greater  number  of  the  forest  fires.  If 
once  the  15,000  men  engaged  in  handling  lumber  and  timber  in 
this  State  arc  made  to  understand  the  advantage  of  protecting 
young  forest  growth  and  preventing  fires,  both  by  not  setting  them 
and  by  informing  against  those  who  do,  public  sentiment  will  come 
to  their  support,  and  we  will  begin  to  realize  that  the  forests  of  the 
State  may  have  a  future  as  well  as  a  present. 

Although  it  is  the  lumbermen  whom  the  fires — especially  in  the 
eastern  part  of  the  State — are  most  injuring  and  who  would  he 
the  most  benefited  by  their  suppression,   many  of  them  express 
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absolute  iuditterenoe  to  any  effort  to  mitigate  the  evil  or  to  show 
the  great  loss  occasioned  by  burning.  They  even  appear  to  oppose 
any  reform,  and  regard  with  decided  disfavor  any  eifort  towards 
securing  it.  There  are  many  milhnen,  however,  who  have  aided 
in  securing  valuable  data,  and  who  exj)ress  their  readiness  to 
co-operate  in  any  measure  which  assures  any  abatement  as  to  the 
number  and  extent  of  the  fires. 

RELATION    OF    THE    lU'RNER    TO    THE    FORESTS. 

The  turpentine  workers  also  regard  it  as  riglit  to  burn  the  grass 
and  undergrowth  in  turpentine  orchards,  and  in  spite  of  the  fact 
that  the  fire  is  liable  to  extend  to  the  trees  continue  thus  to  fire  the 
grass.  It  is  impossible,  however,  to  secure  the  boxed  trees  and  the 
highly  inflammable  scrape-covered  faces  to  the  boxes  as  long  as 
the  undergrowth  is  burned;  and  it  is  equally  as  impossible  to 
secure  a  regrowth  of  long-leaf  pine  as  long  as  the  burning  grass 
consumes  all  seedlings  and  seed. 

There  are  in  the  south-eastern  counties  clearly  two  classes  who 
are  interested  in  the  burning:  (1)  the  timber  owner  who  sees  his 
woodland  yearly  deteriorating  in  value  at  the  hands  of  another, 
and  who,  it  seems,  can  obtain  no  redress  for  his  loss — cannot 
even  secure  a  suppression  of  the  agency  of  destruction  ;  and  (2)  the 
I)erson  who  for  the  immediate  benefit  he  fancies  is  derived,  from 
the  act  innocently  or  willfully,  directly  or  through  gross  neglect, 
burns  off  the  lands  and  destroys  the  timber  or  other  property 
])elonging  to  another  citizen. 

These  two  elements  seem  irreconcilable.  As  a  matter  of  fact, 
however,  their  aims  and  dependencies  are  similar.  It  is  apparent 
that  the  person  who  does  the  burning  does  not  realize  the  relation 
between  himself  and  the  woodland.  For  in  many  cases,  and  as  a 
general  rule  in  the  south-eastern  counties  of  the  State,  a  great  part 
of  his  existence  is  dependent  upon  it,  and  that  the  more  forest 
there  is  the  greater  will  be  his  benefit,  his  cow  or  the  ease  with 
which  he  can  work  his  rented  turpentine  boxes  notwithstanding. 

INFLUENCE  OF  THE   NO-FENCE   LAW   IN  CHECKING   FIRES. 

In  a  few  places  in  eastern  North  Carolina  the  stock  or  no-fence 
law  has  been  tried  for  a  number  of  years;  and,  though  tlie  object 
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in  securing  it  was  solely  for  the  improvement  of  cattle  and  to 
lessen  the  cost  of  fencing,  it  has  produced,  in  those  localities  where 
it  has  been  tried,  a  decided  change  in  the  appearance  of  the  young 
growth  in  the  forest,  and  aided  to  lessen  the  number  of  fires  by 
removing  in  a  large  measure  the  incentive  to  burning.  To  show 
the  relative  importance  of  protecting  the  forests  to  the  pasturage 
gained  by  turning  stock  into  the  forest  and  firing  the  forest  on  the 
supposition  that  this  improves  the  pasturage,  it  will  suffice  to  state 
that  the  total  value  of  all  the  cows  in  Moore  county  would  not  pay 
for  the  timber  destroyed  in  that  county  alone  during  the  years 
1892  and  1893  by  two  fires.  Harnett,  Richmond  and  Bladen 
counties  All  show  a  similar  state  of  affairs. 

And  not  only  would  the  forest  fires  become  less  fretjuent  if  the 
stock  or  no-fence  law  be  generally  introduced,  but  the  provisions 
of  the  law  quoted  above  in  regard  to  the  punishment  of  persons 
for  firing  should  be  rigidly  enforced  ;  and  if,  as  the  law  now  stands, 
it  cannot  be  made  operative  it  should  be  judiciously  amended  and 
j>rovision  made  for  its  proper  enforcement. 

THE    MAINE    LAW    IN    RE(;ARI)    TO    FOREST    FIRES. 

The  State  of  Maine  presents  conditions  strikingly  analogous  to 
those  in  North  Carolina.  As  is  well  known  it  is  a  great  lumbering 
State.  A  people  almost  entirely  dependent  on  agriculture  and 
forest  products  for  their  prosperity,  and  whose  manufacturing  had 
never  assumed  importance,  they  finally  recognized  the  interde- 
pendence of  the  agricultural  and  the  forestal  interests,  and  to 
secure  the  estoppage  of  fires  and  the  unreasonable  waste  of  timber, 
which  goes  on  where  it  is  abundant,  adopted  a  series  of  laws 
relating  to  the  suppression  of  fires.  Their  laws  empowered  a 
commissioner  with  the  right  to  publish  rules  and  to  organize  a 
corps  of  fire  wardens  and,  finally,  to  bring  suit  against  offenders 
to  recover  damages  for  loss  sustained. 

This  law,  being  the  first  of  its  kind  in  the  United  States,  is  of 
sufficient  importance  to  be  summarized.  The  following  excerpts 
and  condensations  are  from  the  law  as  published  in  the  first  report 
of  the  Forest  Commission  of  the  State  of  Maine,  1891,  which  was 
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obtained  through  the  courtesy  of  Mr.  Charles  E.  Oak,  the  present 
land  agent  of  the  State.  While  the  provisions  of  this  law  are  at 
present  inapplicable  to  the  conditions  in  North  Carolina,  they  will 
serve  to  show  what  stress  another  State  lays  upon  the  strict  enforce- 
ment of  the  laws  relating  to  forest  fires. 

The  law  provided  that  the  land  agent — the  State  of  Maine  having 
large  areas  of  forest  lands  for  sale— should  be  forest  commissioner. 
It  is  his  duty  to  collect  statistics  about  the  forest  resources  and 
products  of  the  State,  and  to  receive  the  reports  of  the  fire  wardens. 
The  selectmen  of  all  towns  are  fire  wardens,  and  so  also  are  desig- 
nated other  persons  living  in  various  parts  of  the  counties  where 
fires  occur.  These  latter  are  appointed  by  the  county  commis- 
sioners. It  is  the  duty  of  the  fire  wardens  to  call  out  citizens  in 
case  of  a  fire  to  aid  them  in  extinguishing  the  fire  or  controlling 
it;  and  to  have  the  authority  of  deputy  sheriffs  to  force  persons 
to  help  to  extinguish  a  fire.  All  persons  not  answering  their  sum- 
mons are  subject  to  a  fine.  The  area  burned  and  value  of  the 
property  destroyed  must  be  reported  to  the  commissioner.  It  is 
the  duty  of  municipal  officers  in  towns,  and  of  county  commis- 
sioners with  respect  to  other  localities  in  their  counties,  to  proceed 
immediately  into  a  strict  inquiry  into  the  cause  and  origin  of  fires 
within  woodland,  and  in  all  cases  where  the  fires  originate  from 
unlawful  acts  to  cause  the  offender  to  be  prosecuted  without  delay. 
There  are  provisions  concerning  the  clearing  of  rights  of  way  by 
railroads,  and  the  use  of  spark-arresters  and  other  precautions ; 
and  provisions  about  hunters,  campers,  etc. 

In  a  private  letter  the  present  commissioner  states  that  the  law 
is  very  satisfactory  in  its  workings,  and  has  greatly  lessened  both 
the  number  of  fires  and  the  losses  caused  by  them.  Its  provisions, 
he  says,  are  carried  out  and  offenders  brought  to  justice.  It  has, 
moreover,  awakened  a  new  spirit  among  the  people — that  of  pro 
tecting  young  forest  growth  instead  of  destroying  it. 

LAWS    IN    OTHER    STATES. 

The  Adirondack  lands,  belonging  to  the  State  of  New  York,  are 
under  a  system  of  laws  more  strict  in  detail  but  similar  in  outline 
to  those  in  force  in  Maine.     The  aim  of  the  forestry  commission 


LAWS    IN    OTHER    STATES.  ()3 

legislation  in  New  York  is  to  restrict  or  supervise  cutting  of  timber 
on  State  lands  and  to  prevent  fires  occurring  on  the  Adirondack 
mountains.  The  people  of  Pennsylvania,  as  well  as  those  of 
Vermont,  are  taking  an  active  interest  in  the  protection  of  young 
growth  and  the  prevention  of  its  destruction  by  fires  and  cattle. 
Fires  in  Pennsylvania  annually  occasion  a  great  loss  of  timber  in 
the  mountainous  parts  of  thdt  State,  and  that  State  now  has  a  forest 
commission  whose  duty  it  is  to  disseminate  information  concerning 
the  proper  care  and  protection  of  forests,  and  to  show  the  injurious 
effects  of  fires  in  woodland. 
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LETTER  OF  TRANSMITTAL. 

To  His  Excellencyy  Hon.  D.  L.  Russell, 

Oovemor  of  North  Carolina^  and  Chairman  of  the  Geological  Board. 

Sie: — The  requests  for  information  concerning  waterpower  in  North 
Carolina  received  at  the  Survey  office  during  the  past  few  years  have 
been  so  numerous  and  urgent  that  I  believe  it  wise  to  publish  in  the 
form  of  a  preliminary  report  such  information  as  we  have  in  hand  rela- 
tive to  this  subject 

The  volume  of  water  in  the  several  larger  streams  in  the  state  is 
being  carefully  measured  from  time  to  time;  and  level  lines  showing 
the  amount  of  fall  are  being  run  along  portions  of  these  streams  with 
a  view  of  determining  suitable  places  for  power  developments.  This 
information  will  be  embodied  in  later  reports.  I  recommend  the  pub- 
lication as  Bulletin  8  of  the  Survey  series  the  information  already 
available. 

Yours  obediently, 

J.  A.  Holmes. 

Chapel  Hill,  N.  C,  September  1,  1898. 


PREFACE. 


The  electric  transmission  of  power  developed  during  the  past  few 
years  has  awakened  a  new.  interest  in  waterpower  throughout  the  entire 
country,  and  especially  such  powers  as,  owing  to  their  location  in  regions 
inaccessible  for  railroad  transportation,  were  not  believed  to  be  of  im- 
portance. The  publication  of  this  bulletin  as  a  preliminary  report  was 
decided  upon  with  a  view  to  meeting  the  urgent  demands  for  information 
concerning  these  powers  in  North  Carolina.  In  view  of  the  fact  that 
not  enough  of  actual  and  long-continued  measurements  of  the  flow  of 
the  streams  have  been  made  to  enable  us  to  estimate  accurately  the  value 
of  the  various  powers,  is  was  thought  best  for  the  purpose  of  a  pre- 
liminary report  to  use  as  a  basis  for  this,  part  of  the  10th  Census  Report 
by  Prof.  Geo.  F.  Swain  on  the  Waterpowers  of  the  Southern  Atlantic 
Watershed  as  relates  to  North  Carolina. 

This  we  have  done,  in  general  adopting  the  descriptions  and  power 
estimates  found  in  his  report  and  adding  such  additional  data  as  were 
obtainable  either  by  personal  examination  or  by  correspondence.  The 
report  in  its  final  shape  has  been  revised  by  Professor  Swain ;  but  he 
has  not  visited  the  region  since  1881,  and  during  these  two  decades 
changes  in  North  Carolina,  and  throughout  the  South,  have  been  great. 
He  has  been  able  to  do  little  more  than  read  the  manuscript  and  sug- 
gest a  few  additions  and  corrections. 

During  the  past  three  years  gauging  stations  have  been  maintained 
by  the  United  States  Geological  Survey  and  the  State  Survey  cooperat- 
ing, on  each  of  the  principal  rivers  in  the  state,  at  which  have  been 
made  daily  measurements  of  the  height  of  the  river  surfaces;  and  occa- 
sional measurements  of  the  flow  and  volume  of  water  have  been  made 
by  means  of  electric  current  meters.  These  measurements  have,  in  gen- 
eral, confirmed  Professor  Swain's  estimates  as  to  the  waterpower  on  the 
several  larger  streams.  In  the  case  of  the  Tar,  Neuse  and  Cape  Pear 
rivers,  however,  our  measurements  show  his  estimates  for  the  absolute 
minimum  (p.  54)  are  too  high  from  25  per  cent,  to  more  than  40  per 
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cent.;  but  it  has  been  thought  best  to  allow  his  figures  to  remain  as 
published  in  his  10th  Census  Eeport  until  the  river  measurements  have 
been  continued  for  a  longer  period  of  time. 

The  most  uncertain  points  in  a  report  of  this  character  concern  the 
estimates  of  the  flow  and  power  available  on  the  streams,  and  it  is  hoped 
that  all  those  who  read  this  report  will  study  with  special  care  the 
remarks  relating  to  this  question  on  pages  49  to  67.  Accurate  data 
with  respect  to  flow  can  only  be  obtained  after  a  long  series  of  obser- 
vations. In  Massachusetts,  the  Merrimac  river  has  been  utilized  for 
power  and  its  daily  flow  measured  for  over  60  years,  and  yet  since  the 
date  of  the  original  census  report  in  1881,  the  estimates  of  minimum 
flow  have  had  to  be  materially  altered.  The  readers  of  this  report 
must,  therefore,  not  exact  great  accuracy  in  the  estimates  given  in  the 
following  pages.  Indeed,  the  figures  given  must  be  simply  considered 
as  pointers  indicating  what  may  reasonable  be  expected  in  the  way  of 
waterpower  during  dry  seasons. 
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PAPERS  ON  WATERPOWER  IN  NORTH  CAROLINA. 


CHAPTER  I. 

GENERAL  PHYSIOGRAPHIC  FEATURES  OF  NORTH 

CAROLINA/ 

FHYSIOGBAPHIG  PROVINCES. 

The  southeastern  United  States  may  be  divided  naturally  into  three 
well-defined  provinces:  the  coastal  plain  region,  which  skirts  the 
Atlantic  and  the  Gulf  from  Cape  Cod  to  the  Rio  Grande,  extending 
inland  from  100  to  200  miles,  and  extending  seaward  beyond  the  present 
coast  line  as  a  submerged  plain  for  a  distance  nearly  as  great;  the  Appa- 
lachian mountain  region,  extending  from  northern  Alabama  to  New 
Jersey  and  the  Piedmont  plateau  region,  which  lies  between  these  two 
from  the  Hudson  river  to  central  Alabama. 

Only  a  small  portion  of  the  mountain  region  belongs  with  the  south 
Atlantic  watershed,  but  the  entire  region  demands  consideration  in  a 
study  of  its  rivers  and  waterpowers.  In  the  Carolinaa  the  Blue  Ridge 
mountains,  which  constitute  the  eastern  front  of  this  Appalachian  region 
towards  its  southern  end,  form  the  divide  separating  the  waters  that  flow 
into  the  Atlantic  from  thoee  which  find  their  way  through  the  Ohio  and 
Tennessee  into  the  Mississippi,  while  northward  the  AUeghaniee  often 
constitute  the  divide,  so  that  in  Virginia  and  northward  the  larger  rivers 
rise  to  the  westward  of  the  Blue  Ridge,  and  flow  eastward  across  it  in 
deep  gorges,  while  in  North  Carolina  and  southward  the  more  important 
streams  are  those  which  rise  either  along  the  crest  and  southeastern 
slopes  of  the  Blue  Ridge  or  among  the  hills  of  the  Piedmont  plateau, 
and  flowing  across  this  latter  and  the  coastal  plain  region,  flnd  their 
way  into  the  Atlantic.  The  outlines  of  the  physiographic  regions  and 
the  general  drainage  systems  in  North  Carolina  are  indicated  on  the 
accompanying  map  (fig.  1)  to  be  found  on  the  next  page. 

THE   COASTAL   PI<AIK  BEOION. 

The  coastal  plain  region  has  been  built  up  of  unconsolidated  sands, 
gravels,  loams,  clays  and  marls  of  recent  geologic  age,  which  inland 

•By  J.  A.  Holmes. 
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rest  against  the  red  lands  and  on  the  eastern  sloping  rocky  surface  of 
the  hill  country — the  eastern  margin  of  the  Piedmont  plateau.  This 
contact  between  the  two  regions  is  one  of  the  most  clearly  defined  of 
natural  boundaries^  and  is  known  geographically  and  industrially  as 
the  "  fall  line,"  along  which  are  located,  at  the  head  of  navigation  on 
the  more  important  streams,  a  number  of  important  cities  and  towns, 
such  as  Washington,  Richmond,  Petersburg,  Weldon,  Columbia,  Au- 
gusta and  others  given  in  the  table  below.  The  canals  and  other  works 
constructed  long  ago  for  improving  navigation  at  some  of  these  places 
are  now  being  used  to  develop  waterpowers,  and  the  cities  are  fast 
becoming  manufacturing  centers. 

In  New  Jersey,  Maryland  and  Virginia  many  of  the  streams  of  the 
Piedmont  plateau  cross  its  eastern  margin  at  the  fall  line  in  deep,  rocky 
gorges,  and  the  rushing  river  torrents  merge  immediately  below  into 
tidal  estuaries.  Further  south,  however,  the  elevation  of  the  fall  line 
increases  until  on  the  Ocmulgee  river  at  Macon,  Ga.,  it  is  250  feet 
above  the  sea.  The  following  table  shows  the  relative  elevation  of  this 
boundary  line  at  different  points  where  it  is  crossed  by  the  larger  rivers: 

Blbvation 
Rivers.  .    PLACBia.  abovb 

MEAN  TIDE. 

Foot. 

James Riobmond,  Va 0.0* 

Appomattox  . . .. Petersburg.  Va 0.0* 

Boanoke Weldon,  N.  C 26.0 

Tar Rooky  Mount,  N.  C 50.5 

Neuse Smlthfleld,  N.  C 100.0 

Cape  Fear Averasboro,  N.  C.» 86.0 

Pee  Dee G.  C.  R.  R.  crossing 108.0 

Wateree Ten  miles  above  Camden,  S.  C 126.0 

Congaree Columbia,  S.  C 120.0 

Savanoab Augusta ,  Oa 126.0 

Ogeechee Shoals  of  Ogeeohee,  B>i  miles  below  Mayfleld,  Oa 210.0 

Ooonee Milledgeville,  Ga..^ 220.0 

Ocmulgee. Macon,  Oa 260.0 

On  the  seaward  side  of  this  fall  line,  or  fall-line  zone  as  it  might  be 
more  properly  designated,  we  have  the  sluggish,  navigable  rivers  which 
make  their  way  southeasterly  across  the  coastal  plain  region  in  valleys 
which,  near  the  fall  line,  are  usually  narrow,  from  50  to  100  feet 
deep,  and  with  rather  steeply-sloping  sides,  which  at  intervals  form  ver- 
tical blufFs  on  alternate  sides  of  the  streams.  Usually  the  southwest 
side  is  the  steeper,  and  the  bluffs  are  more  generally  on  this  side. 
Further  seaward  the  valleys  become  wider  and  less  deep. 

*  This  table  is  only  an  approximation.  It  was  not  possible  to  get  accurate  elevations  on 
account  of  the  difference  in  the  datum-planes  used  by  the  various  railroad  companies.  For 
Instance,  Richmond  and  Petersburg  are  at  the  head  of  tide  water;  yet  the  rivers  there  are 
probably  several  feet  above  mean  tide  at  Norfolk.  In  some  cases  the  above  figures  have  been 
obtained  by  estimating  the  amount  of  fall  above  points  whose  elevations  were  given. 

*  Just  below  Bmileys  falls. 
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The  river  courses  in  this  eastern  region  are  often  exceedingly  tor- 
tuous. The  banks  are  composed  of  sands  and  clays  which^  along  the 
upper  reaches  of  the  streams,  are  often  found  to  be  of  cretaceous  or 
Potomac  age,  while  further  seaward  these  older  deposits  are  buried 
beneath  the  tertiary  sands  and  marls,  and  usually  all  of  these  are  over- 
laid by  the  still  more  recent  sands  and  loams  of  the  Lafayette  and 
Columbia  formations.  This  unstable  character  of  the  banks  is  unfav- 
orable to  navigation,  inasmuch  as  the  rivers  frequently  undermine  trees, 
depositing  botii  the  tree  and  materials  of  the  bank  in  the  channels, 
and  even  cut  new  channels  for  themselves  where  conditions  are  fav- 
orable. 

The  country  between  the  streams  near  the  fall  line  has  a  surface  that 
is  quite  undulating,  rising  in  the  sand-hill  regions  between  the  Cape 
Fear  and  the  Savannah  to  an  elevation  of  500  feet,  while  further  sea- 
ward the  surface  becomes  more  nearly  level,  w^ith  an  elevation  of  from 
10  to  50  feet  above  mean  tide.  Along  the  seaward  margin  the  land 
surface  is  intersected  by  and  interspersed  with  bays,  estuaries  and 
sounds,  and*  even  the  land  surface  contains  numerous  and  large  swamp 
areas,  such  as  the  great  Dismal  Swamp  in  Virginia,  and  occasional 
small  lakes,  often  partially  or  wholly  surrounded  by  such  swamps.  The 
general  seaward  slope  of  the  land  surface  from  the  fall  line  ranges 
from  one  to  three  feet  to  the  mile.  The  forests,  which  still  cover  more 
than  60  per  cent,  of  the  total  area  of  the  region,  are  composed  mainly 
of  pines  on  the  uplands  and  deciduous  trees  in  the  swamp  areas. 

Considering  the  coastal  plain  region  as  a  whole,  its  surface  features 
may  be  described  as  those  of  a  region  but  recently  and  but  slightly 
elevated  above  the  sea,  and  a  large  part  of  whose  surface  is  so  nearly 
level  and  so  imaflFected  by  erosion  that  it  is  poorly  drained.  This  con- 
dition, which  results  in  the  existence  of  numerous  and  large  swamp 
areas,  and  the  porous  nature  of  the  soil  in  the  more  sandy  portions 
which  enables  it  to  act  as  a  sponge  in  absorbing  and  holding  rain  water, 
gives  remarkable  uniformity  to  the  flow  of  the  streams  which  have  their 
sources  in  this  region.  Along  its  western  border,  however,  where  we 
find  the  typical  sand-hill  country,  the  hills  and  ridges  are  more  numer- 
ous and  irregular,  rising  to  elevations  of  from  300  to  500  feet,  while 
the  valleys  and  ravines  are  carved  more  deeply,  and  in  places  have 
made  their  way  back  into  the  heart  of  the  region.  In  explanation  of 
the  topographic  features  of  this  sand-hill  country  it  may  be  suggested 
that  the  region  is  not  only  more  elevated,  but  has  been  either  much 
longer  above  the  sea  than  the  country  to  the  east,  or  if  recently  sub- 
merged, the  period  of  submergence  was  so  brief  that  the  pre-existing 
topographic  features  were  not  obliterated  thereby.     It  is  in  this  sand- 


THE   PIEDMONT   PLATEAU    KEOION.  23 

hill  country  that  we  find  such  industrially  important  though  small 
streams  as  Kockfish  and  Hitchcocks  creeks  (see  pages  138  and  190). 

In  North  Carolina  the  coastal  plain  region  extends  inland  from  the 
coast  120  to  160  miles,  and  has  an  area  of  approximately  25,000  square 
miles  of  which  more  than  half  is  still  covered  with  pine  forests.  The 
upland  soils  are  loamy  sands,  loams,  and  sandy  and  common  loams,  rarely 
stiff,  moderately  fine  and  even-grained.  To  tiie  north  of  the  Neuse  river 
loams  and  sandy  loams  are  the  more  frequent  upland  soils;  to  the  south 
of  this  river  they  are  more  generally  sandy.  In  the  more  eastern  portion 
of  this  region,  adjacent  to  the  sounds  and  to  the  Atlantic,  are  numerous 
and  extensive  swamps  which  have  their  origin  in  the  insufficient  sur- 
face drainage  of  recent  uplifted  areas,  that  are  often  underlaid  by 
impermeable  strata,  or  in  the  gradual  cutting  off  and  filling  up  by  silt 
and  vegetable  matter,  of  small  bodies  of  water.  Their  soils  vary  con- 
siderably even  in  different  portions  of  each  swamp,  being  in  their  interior 
generally  peaty  and  about  the  margins  either  sands  and  sandy  loams,  or 
clay  loams  and  silt  Where  these  swamps  border  the  larger  streams 
that  have  their  headwaters  in  the  Piedmont  region,  their  soils  are  gen- 
erally an  admixture  of  silt  and  vegetable  matter  and  quite  fertile. 

THE  PIEDlIOin?  FliATEAU  BEaiON. 

The  Piedmont  plateau  r^on,  lying  between  the  coastal  plain  and  the 
mountains,  and  extending  from  Alabama  to  New  Jersey,  exhibits  a 
diversity  of  characteristics,  though  there  are  many  features  common  to 
the  entire  region.  Along  portions  of  its  eastern  margin,  near  the  fall 
line,  its  hills  are  no  higher  and  its  valleys  no  deeper  than  those  of  the 
adjacent  coastal  plain  region.  Especially  is  this  true  where,  as  in  the 
southern  half  of  North  Carolina,  the  Piedmont  plateau  region  includes 
on  the  east  a  narrow  belt  of  red  sandstone  which  in  places  has  been 
removed  even  more  rapidly  by  the  atmospheric  agencies  than  have  the 
sand-hills  on  the  east  side  of  the  fall  line.  But  generally  the  hard 
crystalline  rocks  and  reddish  soil  of  the  Piedmont  plateau  are  to  be 
found  at  the  fall  line,  and  exhibit  there  the  undulating  surface  char- 
acteristics of  the  typical  red-hill  country,  the  elevation  of  the  surface 
near  the  coastal  margin  ranging  from  300  to  600  feet.  The  eastern 
half  of  the  region,  taken  as  a  whole,  has  an  average  elevation  of  nearly 
750  feet,  while  the  western  half  averages  nearly  1200  feet. 

Towards  the  western  margin  of  this  region  the  hills  rise  higher  and 
higher  above  the  general  plain  until  in  many  cases  they  may  be  fairly 
considered  as  moimtains.  South  and  Brushy  mountains  in  North  Caro- 
lina having  elevations  between  2000  and  3000  feet.  Toward  the 
eastern  margin  the  hills  rise  but  little  above  the  general  plain,  but  the 
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river  channels  are  deep.  It  will  be  readily  understood  that  as  com- 
pared with  the  young  and  undeveloped  topography  of  the  coastal  plain 
region,  that  of  the  Piedmont  plateau  is  much  older,  more  varied,  and  its 
history  more  complex.  More  than  once  in  its  recent  history  its  surface 
has  been  so  extensively  removed  by  weathering  and  eroding  agencies 
that  it  has  been  reduced,  at  least  approximately,  to  a  base-level  plain, 
at  no  great  elevation  above  the  sea,  and  with  only  a  few  scattering  hills 
and  ridges  rising  above  this  plain,  renmants  which,  owing  to  the  obdu- 
racy of  their  component  materials,  have  withstood  the  destructive  agejh 
cies  of  the  atmosphere  even  to  the  present  time.  Meanwhile,  however, 
the  surface  has  been  lifted  to  higher  levels  above  the  sea,  the  streams 
have  quickened  their  pace,  carrying  on  anew  the  work  of  erosion  until 
now  we  have  left  of  this  recent  base-level  plain  only  a  secondary  series  of 
low  hills  and  broad  irregular  ridges  to  indicate  its  position. 

The  soils,  which  in  the  main  have,  been  formed  from  the  decay  of 
rocks  in  place,  are  generally  loams  which  are  more  gravelly  and  sandy 
and  deeper  in  the  granitic  areas,  and  more  clayey  and  shallow  in  the 
slaty  belts.  The  forests,  which  are  composed  mainly  of  deciduous  hard 
woods,  here  and  there  interspersed  with  short-leaf  pines,  occupy  from  50 
to  70  per  cent,  of  the  total  area  of  the  region. 

In  North  Carolina  this  Piedmont  plateau  region  approximates  125 
miles  in  width  and  900  feet  in  average  elevation.  Its  highest  ridges 
(South  mountains)  reach  a  height  of  3000  feet  above  tide;  but  along  its 
extreme  east  border  its  elevation  does  not  average  more  than  400  to  500 
feet.  Its  area  approximates  21,000  square  miles,  of  which  more  than 
one-half  is  covered  with  forests.  The  average  southeasterly  slope  of  the 
surface  of  this  region  is  approximately  three  and  one-half  feet  to  the 
mile;  but  the  possibility  of  developing  waterpower  on  the  several  streams 
depends  less  upon  this  average  slope  than  upon  the  concentration  of 
portions  of  the  fall  at  certain  places,  where  for  distances  of  a  few  rods, 
or  at  most  a  few  miles,  the  streams  assume  the  character  of  rapids,  shoals 
or  cascades.  The  descent  of  the  surface  of  the  various  important 
streams  of  the  region  will  be  given  in  the  body  of  this  report  as  each 
stream  is  described.  As  may  be  seen  from  the  sketch  map  on  page  78, 
the  several  geological  formations  that  go  to  make  up  the  Piedmont 
plateau  region  cross  the  state  obliquely,  parallel  to  the  moimtains  and  to 
the  seashore.  In  the  main  they  form  a  succession  of  belts  of  slates  and 
schists,  granites  and  gneisses,  across  the  steeply  upturned  and  eroded 
edges  of  which  the  streams  have  carved  their  channels  in  making  their 
way  seaward.  The  fact  that  these  rocks  differ  in  character  and  are 
eroded  with  varying  rapidity  by  the  water  currents,  gives  rise  to  the 
conditions  that  produce  rapids,  cascades  and  falls,  and  in  this  way  makes 
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practicable  the  development  of  waterpowers,  as  is  described  more  fully 
on  pages  68  to  76. 

THE  APPALACHIAN  MOUNTAIN  BEaiON. 

The  Appalachian  mountain  region,  which  extends  from  Alabama  to 
New  York,  may  be  said  to  culminate  in  North  Carolina,  since  it  reaches 
here  its  maximum  development.  Along  portions  of  its  western  slopes 
the  boundary  line  of  the  region  is  obscure,  the  highly  folded  and 
uplifted  strata  of  the  mountains  becoming  only  less  corrugated  in  the 
hills  and  ridges  of  the  adjacent  plateau  on  the  west;  but  other  portions 
of  this  western,  like  the  eastern,  boundary  are  so  well  marked  as  to 
constitute  not  a  gradual  transition  but  an  abrupt  change  from  plateau 
to  mountain  conditions.  The  rugged  mountain  range  on  the  eastern 
border  is  broken  only  by  such  occasional  water  gaps  as  those  through 
which  flow  the  Susquehanna,  the  Potomac,  the  James,  and  a  few  smaller 
southern  streams. 

In  North  Carolina  this  region  embraces  an  irregular  mountainous 
tableland,  lying  between  the  steep  and  well-defined  escarpment  of  the 
Blue  Ridge  on  the  southeast,  and  the  less  regular,  but  in  places  equally 
prominent  northwestern  slope  of  the  Great  Smoky  mountains.  Numeiv 
ous  cross  ridges,  separated  by  narrow  valleys  and  river  gorges,  connect 
these  two  mountain  ranges.  The  region,  taken  as  a  whole,  has  a  general 
average  elevation  of  about  2700  feet  above  sea-level;  but  there  are 
many  mountain  peaks  that  rise  about  5000  feet,  and  a  considerable 
number  that  are  over  6000  feet  high.  Mt.  Mitchell,  the  highest  of 
the  Black  mountains,  has  an  elevation  of  6711  feet.  The  total  area  of 
the  region  approximates  6000  square  miles.  The  mountain  slopes, 
though  usually  steep,  are  forest-covered  and  have  a  deep  fertile  soil, 
usually  a  loam  of  varying  physical  character,  but  generally  rich  in 
humus,  porous  and  easily  cultivated.  The  Blue  Ridge  is  in  this  state 
the  great  divide  between  the  Atlantic  and  the  Gulf  waters.  The 
streams  which  have  their  sources  on  the  northwest  slope  of  these  moun- 
tains for  the  most  part  flow  in  a  northwesterly  direction  into  the  tribu- 
•  taries  of  the  Tennessee,  having  cut  their  way  across  the  upturned  edges 
of  the  folded  strata  that  make  the  Great  Smokies  and  their  northeast 
extension,  the  Iron  and  Stone  moimtains;  while  further  north  the 
waters  of  the  region  flow  in  a  northerly  direction  between  the  mountain 
ranges,  and  make  their  way  into  the  Ohio.  The  character  of  the  streams 
of  this  region  and  their  basins  are  discussed  more  in  detail  in  Part  HI 
of  this  report  (page  233),  and  the  geological  conditions  favorable  to  the 
development  of  waterpowers  are  described  briefly  in  the  following 
pages  (68  to  76). 


CHAPTER  II. 
CUMATIC  CONDITIONS  AFFECTING  WATERPOWER/ 

GENEBAIi  CLIMATIC  CONDITIONS. 

In  considering  the  climate  of  any  district  with  reference  to  its  im- 
portant influence  on  waterpower,  the  various  elements  which  modify 
or  control  the  amount  of  precipitation  should  receive  the  largest  share 
of  attention.  Pressure,  temperature,  movements  of  the  wind,  and 
the  like,  may  be  discussed  briefly  for  the  purpose  of  a  satisfactory  gen- 
eral view  of  the  subject,  but  these  elements  have  a  somewhat  variable 
and  complicated  influence  on  rainfall,  which  is  less  clearly  understood 
than  the  permanent  effects  of  geographical  position  or.  topographical 
features.  The  climate  of  North  Carolina  is  determined  by  its  location 
in  the  warm  temperate  zone,  but  is  modified  by  three  important  factors: 
the  proximity  of  the  ocean  on  the  east,  the  distance  of  the  state  froin 
the  prevailing  course  of  cyclonic  storms,  and  lastly,  the  gradual  eleva- 
tion of  the  land  towards  the  west,  until  in  the  summit  of  Mt  Mitchell 
the  highest  altitude  east  of  the  Rocky  mountains  is  attained. 

The  statistical  material  employed  in  the  tables  has  been  obtained 
from  the  publications  of  the  United  States  Weather  Bureau  and  of  the 
North  Carolina  Section  (formerly  the  State  Weather  Service),  and 
includes  data  collected  to  the  end  of  the  year  1897.  For  convenience 
of  treatment  the  state  has  been  divided  into  three  districts,  which  corre- 
spond roughly  with  the  geological  subdivisions — the  coastal  plain,  the 
Piedmont  plateau  and  the  mountain  regions.  The  easteni  district 
(corresponding  to  the  first  of  these  in  a  general  way)  includes  meteor- 
ological stations  having  elevations  of  less  than  100  feet,  the  central 
district  elevations  between  100  and  1000  feet,  and  the  western  district 
all  points  over  1000  feet  above  sea-level.  Each  division  has  in  some, 
respects  climatic  features  peculiarly  its  own. 

In  the  eastern  district,  which  includes  that  portion  of  the  state  bor- 
dering on  the  Atlantic,  the  influence  of  the  proximity  of  the  ocean,  the 
indentation  of  the  land  by  large  bays  and  sounds,  and  the  projection  of 
the  coast  line  beyond  the  normal  trend,  is  immediately  evident  in  the 
increased  rainfall  on  the  coast,  especially  between  Hatteras  and  Cape 
Lookout,  as  well  as  in  the  lessened  changes  of  temperature,  both  diurnal 

*  By  C.  F.  Von  Herrin:inn,  Section  Director,  I'.  S.  Weather  Bureau. 
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and  seasonal.  It  has  been  the  fashion  to  ascribe  the  almost  insular  or 
marine  climate  of  this  section  to  the  influence  of  the  Gulf  Stream,  but 
the  facts  that  a  considerable  body  of  cooler  water  lies  between  the  Gulf 
Stream  and  the  coast,  and  that  east  and  southeast  winds  are  the  rarest 
of  all  winds  in  Xorth  Carolina,  and  are  inadequate  to  explain  the 
warmer,  moist  climate  of  this  region,  appear  to  indicate  that  the  Gulf 
Stream  exerts  less  influence  in  this  direction  than  was  formerly  sup- 
posed. The  annual  mean  temperature  varies  in  the  east  from  64° 
Fahr.  at  Southport  to  69°  Fahr.  at  Weldon,  and  permits  in  the  southern 
portion  of  the  district  the  growth  of  vegetation  of  semi-tropical  origin, 
and  the  cultivation  of  rice,  early  fruits  and  vegetables. 

In  the  central  district  the  extremes  of  temperature  become  greater, 
the  rainfall  is  less;  the  southern  portion  shows  a  high  d^ree  of  sum- 
mer heat,  due  in  part  to  the  sandy  nature  of  the  soil.  Central  North 
Carolina  is,  however,  by  no  means  as  warm  as  central  South  Carolina, 
and  the  northern  portion  of  this  district  is  not  greatly  different  from 
central  Vii^nia.  The  annual  mean  temperature  varies  from  62*^  Fahr. 
at  Rockingham  to  57°  Fahr.  at  Saxon.  It  is  often  the  case  that  this 
section  receives  more  snow  in  winter  than  other  portions  of  the  state. 

In  the  western  district  the  influence  of  elevation  is  supreme.  The 
siumners  are  cooler,  the  winters  more  severe,  the  air  drier  and  more 
salubrious.  The  trend  of  the  mountains  from  southwest  to  northeast 
influences  the  prevailing  winds.  The  great  diversity  in  topographical 
features  gives  rise  to  many  interesting  climatic  peculiarities.  The  rain- 
fall is  large,  especially  so  at  the  south  end  of  the  Appalachian  system, 
while,  on  the  other  hand,  many  central  valleys  possess  as  small  a  rain- 
fall and  as  mild  a  climate  as  many  points  east  of  the  Blue  Eidge.  It 
is  well  to  remember  that  several  meteorological  stations  in  the  west  have 
elevations  of  nearly  4000  feet.  The  annual  mean  temperature  varies 
from  nearly  60°  Fahr.  at  Salisbury  and  Charlotte  east  of  the  moun- 
tains, to  49°  Fahr.  at  Linville,  which  is  nearly  the  mean  annual  tem- 
perature of  Boston  or  Chicago. 

The  position  of  North  Carolina  with  ref eren'ce  to  the  general  path  of 
low  barometric  areas  is  a  fortunate  one.  Probably  not  more  than  20 
per  cent,  of  the  storms  observed  in  the  United  States  cross  the  state. 
The  great  highway  for  these  storms  is  the  Lake  Region,  and  a  very 
large  majority  of  them  pass  off  the  United  States  coast  over  New  Eng- 
land. While  not  causing  heavier  rainfall  in  the  north,  they  do  make 
the  weather  extremply  severe  and  changeable,  and  give  that  section  a 
high  percentage  of  cloudiness  and  a  high  relative  humidity;  while  in 
North  Carolina  longer  periods  of  settled  weather  are  experienced,  fogs, 
though  frequent  enough,  rarely  last  during  the  day,  and  cheerful,  sunny 
weather  is  the  rule. 
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The  state  lies  in  the  course  of  sub-tropical  storms  from  Florida  which 
are  often  violent,  and  are  accompanied  by  heavy  precipitation,  but 
usually  pass  over  the  state  with  great  rapidity.  They  occur  chiefly 
from  August  to  October. 

The  prevailing  winds  are  from  the  southwest,  or  in  fall  and  winter, 
frequently  from  the  northeast;  the  movement  is  generally  light  and 
variable  in  the  interior,  but  often  dangerous  on  the  coast  during  the 
passage  of  sub-tropical  storms,  giving  to  Hatteras  its  world-wide  repu- 
tation. In  winter  the  winds  from  the  south,  east  and  northeast  are 
wet  winds;  the  shift  to  southwest  is  usually  followed  by  rapidly  clearing 
weather;  in  summer,  wind  directions  and  movements  are  very  irregular. 
In  general,  the  resultant  annual  movement  is  from  the  west. 

The  average  cloudiness  of  the  state  is  between  40  and  50  per  cent., 
with  a  somewhat  larger  average  on  the  eastern  slope  of  the  Blue  Ridge. 

The  annual  relative  humidity  is  about  80  per  cent,  on  the  coast  from 
Hatteras  to  Wilmington,  is  75  per  cent,  in  the  central-east  portion  of 
the  state,  and  in  the  west  generally  about  70  per  cent.  As  evaporation 
increases  with  higher  temperature,  the  maximum  humidity  occurs  in 
July  or  August. 

TEMPEBATTTSE. 

It  is  evident  from  its  physical  features  alone  that  a  wide  variation 
must  exist  in  the  mean  temperature  of  the  different  sections  of  North 
Carolina.  In  Table  I  (p.  30)  is  pi*esented  the  annual  and  seasonal 
mean  temperature  at  a  large  number  of  stations  in  the  state,  of  which 
28  have  records  covering  a  period  of  10  years  or  more.  From  all  data 
the  normal  annual  mean  for  the  state  has  been  found  to  be  59°  Fahr. 
The  seasonal  temperatures  for  the  different  districts  are  as  follows: 

spring'  Summer.  Autumn.  Winter. 

Eastern  District 59°  77°  62°  45° 

Central  District 59°  77°  60°  42° 

Western  District 56°  73°  57°  40° 

For  the  state 58°  76°  60°  42° 

The  annual  mean  for  the  state  has  varied  during  the  past  26  years 
between  61°  Fahr.  in  1890  and  57°  Fahr.  in  1895.  From  the  data 
given  it  is  seen  that  autumn  is  warmer  than  spring  in  nearly  all  parts 
of  the  state.  January  is  the  coldest  month  of  the  year,  with  no  normal, 
•however,  lower  than  31°  Fahr.,  while  July  is  the  warmest,  with  no 
normal  higher  than  81°  Fahr.  During  exceptionally  warm  summers 
July  means  as  high  as  84°  Fahr.  have  occurred  (Wilmington,  Newbem, 
Weldon).  The  lowest  January  mean  on  record  is  24°  Fahr.  at  High- 
lands in  1893. 


TEMPEBATURE.  29 

During  the  past  ten  years  the  state  has  probably  experienced  as  wide 
a  range  in  actual  temperatures  as  is  likely  to  be  again  observed. 
Eemarkably  warm  weather  occurred  during  the  summers  of  1887  and 
1896,  with  extremes  as  high  as  107°  Fahr.,  while  the  often-quoted  cold 
winters  of  1834  and  1856  must  now  certainly  yield  their  places  in  cli- 
matic history  to  those  of  1893  and  1895. 

Ordinarily  the  rivers  of  North  Carolina  remain  open  throughout  the 
year,  but  during  such  winters  as  occurred  in  1857,  1886,  1893  and  1895 
all  the  rivers,  and  even  the  northern  sounds,  were  frozen  over.  In  1893, 
for  instance,  the  Cape  Fear  river  at  Fayetteville,  the  Neuse  at  Newbem, 
the  Eoanoke  at  Weldon,  and  Albemarle  sound  from  Elizabeth  City  to 
Soanoke  Island  were  covered  with  ice. 

The  extremes  presented  in  Table  11  (p.  33)  will  be  of  interest  in  this 
connection. 

If  the  distribution  of  temperature  be  studied  graphically  it  is  found 
that  the  isotherms  do  not  follow  the  lines  of  latitude,  but  cross  them 
in  a  southwest-northeast  direction  almost  parallel  with  the  Blue  Kidge; 
but  in  summer  there  is  a  decided  northward  trend  of  the  isotherms  from 
the  coast  to  the  central  portion  of  the  state  before  they  curve  around 
the  southern  end  of  the  Appalachian  system. 
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FBECIPITATION. 

In  the  introduction  to  a  paper  on  the  rainfall  of  the  United  States 
(Bulletin  D,  issued  by  the  Department  of  Agriculture,  Weather  Bureau) 
Mr.  A.  J.  Henry  states  clearly  the  generally  accepted  theory  of  rainfall 
and  the  manner  in  which  the  operations  are  brought  about  in  nature, 
as  modified  by  various  causes,  all  of  which  are  admirably  illustrated 
within  the  limits  of  North  Carolina.  Briefly,  then,  rain  is  caused  by 
a  sudden  cooling  of  the  air  below  the  dew-point,  resulting  in  the  con- 
densation of  the  moisture  contained  in  it  to  the  liquid  state,  and  its  final 
precipitation  to  the  earth's  surface.  Mr.  Henry  names  the  following  as 
the  chief  ways  in  which  the  ascensional  movements  of  the  air  are  pro- 
duced: 1,  the  air  may  be  forced  up  the' side  of  a  mountain  into  a  region 
of  diminished  pressure  and  lower  temperature;  2,  the  lower  layers  of  the 
atmosphere  under  the  influence  of  solar  radiation  frequently  reach  a 
state  of  unstable  equilibrium  inducing  ascensional  currents — summer 
thunderstorms  are  generally  a  result  of  this  process;  3,  lastly,  the  circu- 
lation of  air  in  cyclonic  storms,  that  is,  a  radial  inflow  from  all  sides 
and  an  ascensional  movement  from  the  center. 

North  Carolina  belongs  to  that  region  of  the  United  States  east  of 
the  Rockies  characterized  by  the  largest  precipitation,  the  center  of 
which  lies  on  the  Gulf  coast  about  the  mouth  of  the  Mississippi;  there 
are,  however,  localities  on  the  southeastern  slope  of  the  Blue  Ridge 
which  receive  an  annual  rainfall  not  exceeded  anywhere  except  on  the 
coast  of  Washington  and  Oregon.  The  average  rainfall  for  the  state 
given  by  Prof.  Kerr,  53  inches,  is  very  nearly  correct.  The  inclusion 
of  the  period  1892  to  1897,  years  noted  for  considerable  deficiencies  in 
precipitation,  has  reduced  the  normals  at  many  points,  and  the  annual 
total  is  now  about  52  inches. 

The  averages  for  the  three  sections  of  the  state  are: 

Eastern  District 54  inches. 

Central  District   48  inches. 

Western  District 53  inches. 

Considering  the  monthly  averages,  it  is  observed  that  the  maximum 
rainfall  occurs  in  July  and  August,  with  the  chief  minimum  in  October 
or  November.  The  August  average  is  134,  the  October  average  77 
per  cent,  of  the  monthly  normal.  An  abundance  of  waterpower  in  the 
rivers  of  the  state  is  indicated  by  the  copious  rainfall  and  its  fairly  uni- 
form distribution  throughout  the  year. 

In  Table  III  (p.  36)  is  presented  the  average  monthly,  annual  and 
seasonal  precipitation  at  stations  in  North  Carolina.  It  is  to  be  ob- 
served that  rainfall  is  a  climatic  factor  subjected  to  far  greater  variations 
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than  temperature,  and  that  a  correspondingly  longer  series  of  years  of 
observation  is  required  to  obtain  correct  normals.  Strictly  speaking, 
there  is  not  a  station  in  North  Carolina  with  a  series  of  rainfall  obser- 
vations long  enough  to  afford  a  true  normal.  Mr.  A.  J,  Henry 
^  has  shown  that  at  least  35  or  40  years  of  continuous  observation  are 
required  to  obtain  a  result  that  will  not  vary  more  than  plus  or  minus 
5  per  cent,  from  the  true  normal.  However,  records  for  the  past  15 
to  25  years  include  very  rainy  and  very  dry  years,  and  may  certainly 
be  considered  as  near  the  truth.  The  accompanying  charts  (figs.  2-6 
inclusive)  also  show  graphically  the  seasonal  and  annual  precipitation 
in  the  state  (see  pp.  43-47). 

The  distribution  of  precipitation  throughout  the  state  may  now  be 
considered  in  greater  detail.  The  point  which  attracts  attention  imme- 
diately is  the  belt  of  minimum  precipitation  through  the  central  portion. 
The  greater  rainfall  of  the  eastern  division  is  produced  by  the  prox- 
imity of  the  ocean,  the  larger  amount  in  the  west  by  the  effect  of  eleva- 
tion. 
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PRECIPITATION  IN  THE  EASTERN  DI8TEICT. 

The  annual  rainfall  on  the  immediate  coast,  from  Cape  Hatteras  to 
Cape  Lookout,  is  over  60  inches;  the  amount  gradually  decreases  west- 
ward to  about  50  inches  at  Raleigh.  Throughout  the  entire  division 
the  chief  maximum  rainfall  occurs  in  July  or  August,  the  chief  min- 
imum in  October  or  November,  with  a  secondary  minimum  in  April. 
In  some  years  the  chief  maximum  has  been  deferred  to  September  or 
even  October  owing  to  the  more  frequent  occurrence  of  sub-tropical 
storms  during  these  months.  The  explanation  of  the  greater  rain- 
fall in  the  east  is  very  simple.  The  prevailing  track  of  storms  which 
cross  North  Carolina  is  from  south  to  north,  and  the  heaviest  rainfall 
usually  occurs  on  the  east  side  of  such  storms.  Thus  it  is  inevitable  that 
the  circulation  of  the  winds,  while  the  storm  is  approaching  or  is  over 
the  state,  will  be  such  as  to  draw  from  the  ocean  large  masses  of  damp, 
vapor-laden  air,  and  that  the  greater  amount  of  its  moisture  will  fall 
in  the  east.  The  greater  precipitation  on  the  coast  is  not  of  much 
influence  on  waterpower,  since  it  occurs  only  over  the  lower  courses  of 
the  rivers. 

PRECIPITATION  IN  THE  CENTRAL  DISTRICT. 

The  rainfall  over  the  central  portion  of  the  state  lies  between  45  and 
50  inches.  This  includes  all  points  within  the  trapezoid  formed  by  the 
northern  and  southern  boundaries  of  the  state  and  oblique  lines  drawn 
from  Gates  to  Anson  counties  on  the  east  and  from  Surry  to  Union  on 
the  west  The  maximum  fall  occurs  in  July,  and  is  almost  entirely  due 
to  the  convectional  current  inducted  by  solar  radiation  (thunderstorms). 
The  amount  of  rainfall  is  nearly  equal  during  spring  and  winter  and 
is  least  in  autumn. 

PRECIPITATION  IN  THE  WESTERN  DISTRICT. 

Great  diversity  characterizes  this  section.  The  rainfall  is  very  great 
on  the  southeast  slope  of  the  Appalachians.  In  Macon  county  a  series 
of  very  reliable  observations  at  Highlands  gives  an  annual  normal  of 
72  inches,  and  an  equally  trustworthy  record  for  six  years  at  Horse 
Cove,  south  of  and  1000  feet  lower  than  Highlands,  gives  nearly  73 
inches.  The  effect  is  due  to  the  configuration  of  the  valleys  and  the 
influence  of  elevation.  When  cyclonic  disturbances  pass  westward  of 
the  state,  or  under  any  circumstances  which  will  force  masses  of  air 
against  the  mountains  from  the  south,  southeast  or  east,  the  currents  of 
air  are  deflected  upwards,  and  the  moisture  they  contain  is  precipitated 
by  the  cold  of  elevation.  The  same  effect  is  noticeable  to  a  more  lim- 
ited extent  on  all  of  the  eastern  slopes  of  the  mountains  at  least  as  far 
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north  as  Linville,  except  where  the  ranges  are  lower.  Immediately 
beyond  the  crest  of  the  Blue  Kidge  there  is  a  rapid  diminution  in  the 
quantity  of  precipitation  especially  prominent  in  the  larger  valleys. 
Asheville,  with  a  record  extending  over  22  years  (which  is  broken, 
however,  between  1880  and  1890),  has  a  normal  fall  of  about  42  inches, 
so  far  the  smallest  reliable  record  in  the  state;  Waynesville,  Haywood 
county,  averages  4G  inches.  At  many  western  stations  the  chief  maxi- 
mum falls  in  winter  or  early  spring. 

VARIATIONS  IN  PRECIPITATION. 

Besides  the  abundant  supply  of  water,  the  variations  in  the  monthly 
and  daily  rainfall  which  change  the  amount  of  flow  or  volume  of  water 
carried  to  the  sea  are  of  considerable  importance  in  considering  the  watei> 
power  of  a  district.  In  Table  IV  (p.  48)  are  given  for  selected  stations 
the  largest  and  least  monthly  rainfall,  with  dates,  and  the  possible 
fluctuations  of  the  highest  and  lowest  monthly  averages  in  percentages 
of  the  monthly  mean.  In  respect  to  the  frequency  of  heavy  rains  North 
Carolina  ranks  very  high.  Considering  an  excessive  daily  fall  to  be 
2.50  inches  or  more  in  24  consecutive  hours,  in  Septemeber  the  state 
ranks  first  in  frequency  of  such  rains,  in  August  and  October  is  sur- 
passed only  by  Florida,  in  July  and  December  by  California,  Louisiana 
and  Texas.     The  least  heavy  precipitation  occurs  in  June. 

LARGEST  DArLY  RAINFALL. 

The  following  are  the  largest  daily  totals  ever  recorded  in  North 
Carolina  for  each  month  of  the  year: 

January. — Fayetteville,  6.00  inches,  January  8  and  9,  1879. 

February. — Highlands,  6.01  inches,  February  8  and  9,  1891. 

March. — Hatteras,  6.72  inches,  March  30,  1879. 

April. — Fayetteville,  6.25  inches,  April  27  and  28,  1879. 

May.— Weldon,  6.03  inches,  May  10,  1887. 

June. — Salisbury',  7.39  inches,  June  10,  1883. 

July. — Wilmington,  7.33  inches,  July  15,  1886. 

August.— Hatteras,  9.14  inches,  August  23,  1880. 

September. — Ellsworth,  13.00  inches,  September  15  and  16,  1881. 

October.— Columbus,  5.62  inches,  October  13  and  14,  1893. 

November. — Hatteras,  6.16  inches,  Xovember  7  and  8,  1893. 

December. — Fayetteville,  6.00  inches,  December  9th  and  10th,  1878. 

WET  AND  DRY  YEARS. 

The  year  1877  was  the  wettest  on  record  in  Xorth  Carolina  and 
during  that  year  the  highest  stages  ever  known  occurred  in  some  of  tho 


PRECIPITATIOX.  41 

rivers  of  the  state.  The  annual  rainfall  has  been  below  the  normal 
continuously  since  1889  (excepting  a  slight  excess  during  1891).  The 
drj-est  years  have  been  1890,  1894,  189G  and  1897.  It  would  probably 
surprise  many  people  to  leafn  that  at  four  stations  in  North  Carolina 
no  measurable  precipitation  occurred  in  Xovember,  1890,  a  possibility 
usually  associated  only  with  the  arid  regions  of  the  west.  The  lowest 
stages  of  the  rivers  perhaps  ever  known  occurred  during  the  fall 
drought  of  1897. 

SNOWFALL  IN   NORTH  CAROLINA. 

The  average  snowfall  for  the  state  is  about  6  inches.  The  snowfall 
is  not  a  factor  of  great  importance,  as  it  is  rarely  heavy,  and  that  which 
falls  one  day  is  generally  dissipated  by  the  next.  In  the  moun- 
tains the  snow  rarely  remains  on  the  ground  over  a  week  at  a  time. 
There  can  be  no  accumulation  of  snow  suiScient  to  cause  spring  floods 
as  such.  The  heaviest  snows  frequently  occur  in  the  central  section 
of  the  state,  which  is  more  open  to  the  north  and  northeast  winds  accom- 
panying storms  on  the  coast  with  which  snow  usually  occurs.  During 
the  past  five  years  the  snowfall  in  North  Carolina  has  been  much  above 
the  normal  in  consequence  of  the  occurrence  of  two  severe  winters,  one 
shortly  after  the  other  (1893  and  1895).  The  snowfall  of  February, 
1895,  was  especially  remarkable.  The  totals  for  that  year  were  Lit- 
tleton, 22  inches;  Henderson,  32;  Oak  Kidge,  26;  Saxon,  36;  Ashe- 
ville,  39;  Highlands,  54;  Linville,  48;  Mt.  Airy,  32;  Lenoir,  22,  and 
Waynesville,  34  inches. 

The  average  annual  snowfall  at  selected  stations  for  the  past  five 
years  is  given  below.  These  amounts  are  much  above  the  normal  annual 
fall: 

Asheville   16  inches.  Raleigh    12  inches. 

Chapel  Hill 13  "  RoxlK>ro 13 

Highlands 22  "  Rockingham   8 

Henderson   16  "  Southport    3 

Littleton   16  ''  Selma 10 

Louisburg 15  "  Saxon 17 

Lenoir 11  "  Soapstone  Mt 17 

Mt.  Airy 12  "  Salisbury   11 

Mt.  Pleasant 11  "  Tarboro'' 7 

Oak  Ridge 11  "  Weldon 9 

Pittsboro 14  " 

PRECIPITATION    CHARTS. 

The  charts  presented  in  Figures  2  to  6  are  based  on  the  material 
given   in   Table  III   (pp.   36-3.S).     Records  obtained   previous  to  the 
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year  1887  are  not  strictly  comparable  with  those  extending  through 
1897;  and  in  some  cases  their  proper  weight  has  been  estimated.  It  is 
to  be  observed,  furthermore,  that  the  scale  of  shading  of  necessity  has 
not  the  same  value  in  all  the  seasonal  charts,  beginning  with  a  scale 
of  6  to  8  inches  for  autumn,  8  to  10  inches  for  spring  and  winter,  and 
12  to  14  inches  for  summer,  the  season  of  heaviest  precipitation. 

7BESHETS  OK  THE  BIVEBS. 

All  of  the  rivers  of  North  Carolina  are  subject  to  freshets  which 
occur  irregularly  at  any  time  of  the  year.  The  melting  of  snow  in  the 
mountains  and  breaking  up  of  ice  in  spring  are  never  a  cause  of  freshets 
in  this  state.  Ice  gorges  occasionally  occur  in  the  western  rivers,  especi- 
ally on  the  New  river  and  its  tributaries.  Freshets  may  take  place  in 
a  single  river  basin,  as  for  instance,  in  August,  1894,  when  heavy  rains 
occurred  in  the  southeast  portion  of  the  state  from  the  3d  to  the  6th, 
which  caused  a  rapid  rise  in  the  Cape  Fear  river  to  34  feet  on  the 
gauge  at  Fayetteville,  while  streams  further  north  were  not  affected  at 
all.  The  most  disastrous  flood  of  recent  years  was  that  of  July,  1896, 
when  the  Koanoke  reached  42  feet  at  Weldon  (within  5  feet  of  the 
highest  stage  known)  and  the  Cape  Fear  49.5  feet  on  the  12th.  Probably 
the  highest  authentic  stage  known  on  the  Cape  Fear  was  58  feet,  Jan- 
uary 12,  1895.  , 

INFLXnSKGE  OF  BAIKPALTi  OK  THE  FLOW  OF  STBEAJSB. 

In  conclusion,  it  may  be  noted  that  the  calcidation  of  the  amount  of 
water  available  for  power  from  a  given  rainfall  is  a  very  complicated 
one.  While  rivers  draw  their  entire  supply  of  water  from  the  precipi- 
tation over  their  basins,  a  large  percentage  of  the  rainfall  is  lost 
immediately  by  evaporation,  absorption  by  vegetation,  etc.,  and  much 
soaks  into  the  ground  imtil  it  reaches  an  impervious  substi^tum.  The 
river  supply  is  sustained  during  drought  by  the  underground  waters.  ' 

There  will  be,  then,  a  very  great  variation  in  the  influence  of  rainfall  I 

at  different  seasons  of  the  year.     The  following  illustration  may  be  i 

given  as  an  extreme  case. 

The  mean  stage  of  the  Cape  Fear  river  at  Fayetteville  during  De- 
cember, 1894,  was  7  feet,  and  the  final  stage,  December  31,  6  feet. 
The  average  rainfall  over  the  entire  basin  of  the  river  during  January, 
1895,  was  6.97  inches,  which  maintained  during  January  a  mean 
stage  of  20  feet,  and  caused  a  maximum  flood  of  58  feet  on  the  12th. 

Consider,  now,  similar  data  for  August,  1898.  The  mean  stage  dur- 
ing July,  1898,  was  6  feet,  the  final  stage  4  feet,  which,  though  2  feet 
lower  than  that  at  the  end  of  December,  1894,  is  not  material  at  such 
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low  Stages.  The  average  rainfall  for  August  over  the  entire  basin  was 
7.59  inches,  or  over  half  an  inch  more  than  during  January,  1895,  yet 
this  amount  was  only  able  to  maintain  a  mean  stage  during  August  of 
10  feet  at  Fayetteville,  and  the  maximum  flood  was  only  29  feet  on 
the  22. 

Waterpower  depends  on  the  quantity  of  water  in  cubic  feet  per  second 
and  the  distance  through  which  that  water  falls.  From  the  data  fur- 
nished by  the  meteorologist,  and  his  own  measurements  on  the  volume 
and  fall  of  streams,  it  is  the  province  of  the  hydraulic  engineer  to  calcu- 
late the  available  waterpower. 

TABLE  IV.— Grvatkst  and  Least  Monthly  Precipitation. 


STATIONS. 


I  I 


II    lis 


Asheville '  2S60 

GbapelHiU 500 

Charlotte 808 

Fayetteville 170 

Goldsboro ]02 

Greensboro 848 

Greenville ,  75 

Highlands '  3817 

Horse  Cove 2800 

Hatteraa U 

Kitty  Hawk 9 

Littleton 380 

Louisburg 875 

Lenoir 1186 

Lumberton 

Morganton 1135 

Mt.  Airy 1048 

Mt.  Pleasant 660 

Newbern 12 

Oak  Ridge 885 

Plttsboro 480 

Raleigh  375 

Rockingham ,  210 

Rozboro  600 

Southport 84 

Salisbury  760 

Selma 226 

Bazon  900 

Soapstone  Mount....  900 

Southern  Pi  nes 400 

Tarboro 50 

Weldon 81 

WilJeyton 4ft 

Wilmington 52 


28 

41 

22 

18 

21 

16 

9 

15 

6 

23 

23 

7 

7 

26 

10 

10 

10 

12 

21 

8 

9 

27 

5 

5 

42 

13 

8 

7 

9 

7 

12 

26 

8 

27 


11.40> 
11.71 
11.13 
17.20 
16.70 
10.76 
15.10 
20.20 
17.02 
16.30 
15.36 
10.29 
8.49 
11.50 
12.50 
11.20 
10.38 
10.27 
19.66 
10.99 
13.40 
11.23 
10.16 
12.66 
12.58 
16.14 
16.30 
10.87 
10.50 
11.08 
32.73 
10.56 
10.72 
21.12 


Month 
I       and 
'      Fear. 

i 


Month 
and 
Year. 


Highest  and 

Lowest 

monthly  averages 

in  percentages.^ 


July,  1874 

,  Aug.,  1891 

I  Mar.,  1891 

July,  1879 

Sep.,  1877 

Aug.,  1893 

Sep.,  1877 

Feb.,  1891 

Jun.,  1893 

Aug.,  1880 

July,  1882 

Aug.,  1891 

Aug.,  1891 

May,  1873 

Sep.,  1883 

,  Apr.,  1878 

July,  1889 

Aug.,  1887 

I  Aug..  1878 

July,  1891 

Apr.,  1896 

,  July,  1890 

Aug.,  1893 

July,  1896 

Aug.,  1887 

Aug.,  1887 

Aug.,  1891 

Aug.,  1893 

Mar.,  1891 

,  May,  1891 

I  Aug.,  1887 

Sep.,  1888 

Aug.,  1890 

{  July,  1886 


0.21 

Oct., 

1895 

143 

74 

trace 

Nov. 

1890 

121 

86 

0.23 

Nov. 

,1890 

126 

74 

0.34 

Oct., 

1892 

159 

65 

0.35 

,  Oct., 

1886 

163 

54 

0.23 

1  Sep., 

1896 

J89 

55 

0.35 

Nov. 

.1879 

171 

62 

0.26 

May, 

1883 

185 

79 

0.62 

Oct., 

1892 

136 

88 

trace 

Nov. 

,1890 

ISO 

80 

0.05 

Sep., 

1895 

189 

83 

0.25 

i  Sep., 

1897 

148 

61 

0.36 

Oct., 

1893 

146 

64 

0.00 

Nov. 

,1890 

133 

78 

0.11 

Oct., 

1884 

157 

44 

0.20 

Oct., 

1892 

129 

67 

0.17 

Nov. 

,1890 

147 

60 

0.28 

;  Oct., 

1892 

142 

66 

0.20 

Nov. 

,1890 

178 

70 

trace 

Nov. 

,1890 

155 

63 

0.01 

,  Oct., 

1892 

154 

ffit 

0.06 

Nov. 

,1890 

154 

64 

0.37 

Oct., 

1892 

170 

65 

0.36 

Oct., 

1896 

168 

70 

0.10 

Dec, 

1889 

164 

64 

0.18 

Nov. 

,1890 

128 

67 

0.20 

Nov. 

,1890 

171 

59 

0.58 

Dec, 

1896 

1.^ 

00 

0.25 

Nov. 

,1890 

163 

74 

0.11 

Sep., 

1896 

191 

57 

0.10 

Sep., 

189» 

164 

63 

0.05 

Nov. 

1890 

100 

83 

0.25 

1  Nov. 

,1890 

167 

63 

0.19 

1  Nov. 

,1886 

161 

66 

1  Explanation.— The  highest  and  lowest  monthly  average  rainfall  from  Table  III,  in  pei^ 
centages  of  the  mean,  obtained  by  dividing  the  annual  total  by  12.  Thus,  annual  rainfall  at 
Asheville  (Table  III),  42.28  divided  by  12-3.52  inches.  Of  this  the  largest  monthly  average 
at  Asheville,  5.05  in  July,  is  143  per  cent.;  the  smallest  monthly  average,  3.62  in  October,  is  74 
per  cent. 

*  A  larger  record  exists,  which  is  not  considered  quite  trustworthy. 


CHAPTEE  III. 

THE  FLOW  OF  STEEAMS/ 

The  essential  elements  of  a  waterpower  are  the  fall  and  the  quantity 
of  water;  and  the  amount  of  faU  being  a  fixed  quantity,  capable  of  being 
measured  once  for  all,  and  therefore  not  needing  discussion,  it  is  nec- 
essary to  determine  the  amount  of  water  that  a  given  stream  will  afford 
at  a  certain  point  and  the  variation  in  the  flow  from  month  to  month. 

CONDITIONS  AFVEGTINa  THE  PLOW. 

The  average  amount  of  water  carried  past  a  certain  point  in  a  year 
depends,  among  other  things,  upon  the  amount  and  distribution  of  the 
rainfall,  the  area  of  the  drainage-basin,  and  the  character  of  that  basin. 
All  the  water  carried  by  is  derived  from  the  rainfall,  but  of  the  total 
rainfall  a  certain  amount  is  lost  in  the  following  ways:  By  percolation 
and  discharge  through  subterranean  channels;  by  evaporation  from  the 
soil  and  the  surfaces  of  streams;  by  absorption  through  the  roots  of 
trees,  shrubs,  and  grasses,  and  subsequent  evaporation.  The  amount 
discharged  by  the  streams  will  be  greater  as  these  sources  of  loss  are 
diminished,  and  the  problem  before  us  is  to  determine  for  each  par- 
ticular case  what  proportion  of  the  rainfall  is  so  discharged;  and  we 
must,  moreover,  endeavor  to  find  out  the  laws  regulating  the  distribu- 
tion of  the  flow  through  the  year,  and  from  year  to  year.  In  the  case 
of  most  streams  the  flow  varies  greatly  from  day  to  day,  and  from 
month  to  month,  being  occasionally  in  times  of  freshet  60,  100,  and 
even  several  hundred  times  its  minimum  volume.  Thus  the  table 
given  further  on  shows  that  the  Potomac  river  at  Cumberland  has  been 
known  to  discharge  a  quantity  Y16  times  as  great  as  its  minimum  dis- 
charge, while  the  maximum  discharge  of  the  Merrimac  is  only  about 
70  times  its  minimum  discharge. 

A  great  fluctuation  in  the  volume  of  water  in  a  stream  is  evi- 
dently an  obstacle  to  the  extensive  use  of  waterpower,  making  it  neces- 
sary to  depend  only  on  the  flow  at  times  when  the  stream  is  low,  or  to 
use  auxiliary  steam  power,  or  to  store  the  freshet  water  in  reservoirs, 
and  so  increase  the  flow  in  dry  seasons.  It  is  necessary,  therefore,  to 
discuss,  to  some  extent,  the  total  amount  discharged  by  streams  (or  the 

'  By  Geo.  F.  SwoId,  Professor  of  Civil  Engineering  In  the  Mass.  Institute  of  Technology, 
Boston. 
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proportion  of  the  rainfall  flowing  off)  and  the  manner  in  which  that 
total  amount  is  distributed  through  the  year.  As  regards  the  first  of 
these  questions,  it  has  generally  been  customary  to  assume  a  certain 
fixed  proportion  of  the  annual  rainfall  as  flowing  from  the  surface  and 
discharged  by  the  streams;  but  it  has  always  been  recognized  that  the 
proportion  to  be  thus  assumed  varies  greatly  according  to  numerous 
circumstances,  such  as  the  area  and  form  of  the  drainage-basin;  the 
distribution  of  the  rainfall  through  the  year,  as  well  as  its  amount; 
the  extent  of  the  forests;  the  number  and  extent  of  lakes;  the  char- 
acter of  the  soil  and  rocks,  and  the  state  of  cultivation;  and  all  of 
these  factors  affect  not  only  the  total  discharge  of  a  stream  but  also 
its  distribution.  With  a  given  watershed,  in  any  particular  year,  a 
certain  proportion  of  the  rainfall  will  be  discharged  and  distributed  in 
a  certain  way,  but  both  that  proportion  and  that  distribution  are  liable 
to  change  if  any  one  of  the  above  conditions  are  altered.  Thus  the 
greater  the  area  of  the  watershed  the  more  uniform  the  flow,  other 
things  equal,  because  streams  draining  small  areas  are  more  subject 
to  the  effects  of  sudden  rains  than  those  draining  large  ones;  and  while 
in  the  former  case  there  may  be  weeks  at  a  time  when  no  rain  falls 
on  the  basin,  and  the  stream  draining  it  almost  dries  up,  in  the  latter 
case  there  will  probably  be  frequent  rains  on  some  part  or  other  of  the 
basin. 

The  table  given  further  on  illustrates  this  point  by  showing  that, 
as  a  rule,  the  ratio  of  maximum  to  minimum  discharge  is  greater 
in  the  case  of  small  streams  than  In  that  of  large  ones.  And,  in  like 
manner,  the  form  of  the  drainage  basin  exerts  a  certain  influence.  The 
distribution  of  the  rainfall  is  a  very  important  point,  and  as  an  exam- 
ple of  the  great  variability  of  the  proportion  of  the  rainfall  discharged 
from  the  same  watershed  in  different  years  the  case  of  the  drainage  area 
of  the  Albany  waterworks  may  be  cited,  where,  from  an  area  of  2,600 
acres  in  1850,  between  May  and  October,  inclusive,  41^  per  cent  of 
the  rainfall  was  carried  off  by  the  streams,  while  in  1851,  within  the 
same  period  (from  May  to  October)  82.6  per  cent,  was  discharged.* 
Hence  it  is  that  the  year  of  minimum  rainfall  may  not  be  the  year 
in  which  the  streams  get  lowest,  or  the  one  in  which  the  season  of 
lowest  flow  occurs.  An  eminent  authority  has  remarked:  "  This  (the 
year  with  the  season  of  least  flow)  is  not  necessarily  the  year  of  least 
rainfall,  nor  even  the  year  of  greatest  apparent  drought,  but  is  the 
result  of  such  a  distribution  of  the  rainfall  that  the  excess  of  water  over 
the  amount  needed  for  sustaining  vegetation  and  supplying  losses  by 

*  Hujfhes,  Water iv()T hit,  p.  35^. 
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evaporation  is  very  small  for  several  successive  months." '  The  pro- 
portion of  the  rainfall  discharged  by  streams  is  therefore  a  very  tincer^ 
tain  and  variable  quantity,  varying  not  only  for  different  streams,  but 
for  the  same  stream  in  different  years;  and  it  is  evident  that  the  at- 
tempt to  deduce  the  distribution  of  the  flow  of  streams  by  taking  cer^ 
tain  proportions  based  on  the  rainfall  is  still  more  uncertain.  Hence 
it  is  that  some  eminent  engineers  have  given  up  the  use  of  any  propor- 
tion at  all  in  calculations  regarding  the  capacity  of  streams  to  furnish 
water-supply,  and  have  adopted  for  this  climate  a  certain  fixed  number 
of  inches  of  rainfall  as  available.  Mr.  Croes  has  remarked  in  another 
place  *  that  "  the  few  records  that  exist  of  the  flow  from  known  drain- 
age areas  establish  the  fact  that  not  over  15  inches  per  annum  can  be 
depended  upon  on  the  Atlantic  slope,  and  many  engineers  who  have 
devoted  a  good  deal  of  attention  to  the  subject  are  very  decided  in 
their  opinion  that  not  more  than  11  inches  should  in  any  case  be 
calculated  on." 

Extended  data  with  reference  to  the  amount  of  water  available  from 
watersheds  is  obtainable  in  connection  with  certain  New  England 
streams,  and  the  following  figures  may  be  of  interest,  although  not 
applicable  to  streams  in  other  parts  of  the  country  where  the  conditions 
are  different. 

On  the  Cochituate  watershed  near  Boston,  comprising  an  area  of 
about  19  square  miles,  the  average  rainfall  is  47.43  inches  and  the  aver- 
age amount  collected  is  21.59  inches,  or  45  per  cent  In  1880,  how- 
ever, the  rainfall  was  35.83  inches,  the  amount  collected  10.3  inches, 
or  29  per  cent.,  while  in  1883  the  rainfall  was  31.2  inches,  the  amount 
collected  10.11  inches,  or  32  per  cent.  On  the  Sudbury  watershed, 
which  also  supplies  Boston,  and  comprises  about  75  square  miles,  the 
average  rainfall  is  45.75  inches,  the  average  "  run-off  "  22.29  inches, 
or  48  per  cent.  In  1880,  the  rainfall  was  38.18  inches  and  the  "  run- 
off "  was  12.18  inches,  or  about  32  per  cent.;  and  in  1883  the  rainfall 
was  32.78  inches,  the  "run-off"  11.19  inches,  or  34  per  cent.  In 
these  cases  the  minimum  "  run-off  "  is  about  one-half  the  average.  In 
the  cases  of  larger  watersheds  the  difference  will  not  be  so  great. 

The  annual  yield  of  streams,  or,  as  it  is  frequently  called,  the  "  run- 
off," is  now  being  studied  in  the  case  of  many  streams  in  all  parts  of  the 
country,  and  in  the  near  future  better  results  than  are  now  avail- 
able will  be  at  the  disposal  of  hydraulic  engineers.  The  U.  S.  Geo- 
logical  Survey  is  doing  much  in  this  direction,  and  in  one  of  its 

*  Newark  Aqueduct  Board,  Report  on  Additional  Water  Supply,  by  J.  J.  R.  Croes  and  G.  W. 
Howell,  1879. 
'  Engineering  News,  March  30, 1880,  p.  104. 
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bulletms  (Bulletin  'No.  140,  1896)  much  information  is  given  in  Una 
connection.  Eegarding  large  streams,  however,  the  details  are  com- 
paratively meagre,  and  in  few  cases  have  the  records  been  long  enough 
continued  to  allow  reliable  estimates  for  the  future  to  be  made.  In 
New  England,  the  Merrimac  and  Connecticut  rivers  are  daily  mea- 
sured in  connection  with  the  large  waterpowers  developed  at  Lawrence, 
Lowell  and  Holyoke,  but  these  streams  are  exceptional  and  are  no 
criterions  in  judging  of  the  streams  in  the  Southern  states,  principally 
because  they  are  fed  by  many  or  by  large  lakes.  It  may  be  men- 
tioned, however,  that  even  the  Connecticut  river,  with  an  average  rain- 
fall of  about  44  inches  and  a  drainage  basin  of  8,660  square  miles, 
has  in  one  year  (1883)  shown  as  low  a  "  run-off '^  as  12.7  inches. 

Measurements  have  been  made,  by  the  Geological  Survey,  of  the 
flow  of  various  streams  in  North  Carolina.  The  results  are  inter- 
esting, but  the  measurements  do  not  cover  sufficient  time  to  be  of  much 
service  in  connection  with  the  estimates  in  this  report.  When  extended 
so  as  to  cover  twenty  or  thirty  years,  these  records  will  be  of  great 
value. 

CONDITIONS  APFECnNO-  TLXrCTITATIONS  IN  FLOW  OF  STBBAICB. 

It  may  not  be  out  of  place  to  devote  a  few  lines  here  to  a  closer 
consideration  of  the  causes  affecting  the  fluctuations  in  the  flow  of 
streams.  Evaporation,  the  principal  source  of  loss,  acts  in  different 
months  with  very  different  degrees  of  intensity,  being  generally  great- 
est in  the  summer  months  and  least  in  the  winter.  It  is  sometimes  the 
custom,  in  calculating  the  amount  of  water-supply  available  for  the 
use  of  a  town,  to  assume  a  certain  proportion  of  the  rainfall  of  each 
month  as  collectible  or  as  discharged  through  the  streams,  that  pro- 
portion varying  from  20  or  30  per  cent,  in  summer  months  to  70  or  80 
per  cent.,  or  even  over  100  per  cent.,  in  others.  Now,  if  we  assume 
that  the  rainfall  at  any  particular  time  reaches  the  streams  within  a 
short  time  after  it  has  fallen,  say  within  a  month  or  so,  then,  if  the 
rainfall  is  uniformly  distributed  throughout  the  year,  the  flow  of  the 
streams  will  decrease  as  the  evaporation  increases,  and  will  be  several 
times  greater  in  some  month  (the  month  of  maximum  flow)  than  in 
some  other  month  (the  month  of  minimum  flow).  If,  now,  the  rainfall 
be  so  distributed  that  in  the  months  when  the  evaporation  is  least  the 
greatest  rainfall  occurs,  it  is  evident  that  the  proportion  of  the  rain- 
fall discharged  will  be  greater  than  in  the  first  case,while  the  variability 
of  the  flow  will  also  be  greater.  In  this  case,  then,  a  larger  amount 
of  water  will  be  available,  but  the  storage  necessary  will  also  be  larger, 
while  the  minimum  and  low-season  flow  of  the  stream,  without  storage. 
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will  be  less  than  before,  for  the  reason  that  the  minimum  rainfall  will 
occur  during  the  summer  months,  when  the  evaporation  will  be  great- 
est. 

Again,  if  the  greatest  rainfall  occurs  in  those  months  in  which  the 
evaporation  is  greatest,  the  proportion  of  the  rainfall  discharged  by 
the  streams  will  be  less  than  in  the  first  case,  but  the  flow  will  be  more 
uniform.  In  this  case,  then,  a  smaller  amount  of  water  will  be  avail- 
able, but  the  necessary  storage  will  be  less,  while  the  minimum  flow 
of  the  stream,  without  storage,  will  be  greater  than  in  either  of  the 
previous  cases.  Hence  we  see  how  the  distribution  of  the  rainfall  and 
the  amount  of  the  evaporation  affect  the  flow  of  the  streams,  and  by 
considering  these,  as  well  as  the  other  elements  affecting  waterpower, 
we  may  be  able  to  judge  of  the  relative  value  of  two  streams,  and  to  form 
some  estimate  of  their  flow,  even  if  no  gaugings  are  at  hand,  although 
such  estimates  are  very  rough  and  liable  to  be  greatly  in  error. 

CONDITIONS  AJBTECnNG  XTNITOBMITY  OF  FLOW. 

Two  elements  of  a  good  waterpower  are  large  flow,  or  large  pro- 
portion of  rainfall  available,  and  uniform  flow.  The  flow  may  be 
large,  but  if  it  is  very  variable  the  storage-room  necessary  to  utilize  it 
all  may  be  too  large,  while  a  small  flow,  if  uniform,  could  be  utilized 
without  any  storage  at  all  (except  where  it  is  desired  to  concentrate  the 
power  into  less  than  twenty-four  hours).  But  the  remaining  factors 
above  named,  viz.  soil,  forests,  lakes,  affect  very  materially  the  flow  of 
streams,  both  in  amount  and  in  constancy.  The  effect  of  these  is  felt 
in  so  many  ways  that  it  would  not  be  the  place  here  to  discuss  them 
extensively.  But,  as  showing  what  principles  have  guided  me  in  mak- 
ing my  estimates  of  the  flow  of  the  various  streams,  I  may  be  permitted 
to  sum  up  here  briefly  these  effects. 

A  deep  and  porous  soil,  if  underlaid  by  an  impervious  stratum,  down 
to  which  the  streams  have  cut  their  beds,  has  the  effect  of  diminishing 
the  evaporation  and  rendering  the  flow  of  the  streams  more  constant. 
In  some  cases,  however,  and  especially  when  the  streams  have  not  cut 
down  to  an  impervious  bed  (that  sheds  the  water  that  percolates  to  it), 
a  deep  and  pervious  soil  is  accompanied  by  considerable  loss  by  flowage 
in  subterranean  courses,  so  that  the  flow  of  the  streams  may  be  dimin- 
ished. It  does  not  seem  as  though  this  were  the  case  in  the  Southern 
states. 

The  action  of  lakes  in  regulating  flow  is  evident,  but  it  is  next  to 
impossible  to  estimate  it  numerically.  They  exert  a  more  important 
influence  in  this  respect  than  any  other  factor  entering  into  the  question. 

As  regards  forests,  I  am  constrained  to  speak  of  their  action  somewhat 
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briefly,  for  the  reason  that  the  problem  is  one  of  great  complexity  and 
involves  many  factors  which  are  at  present  not  well  understood,  and 
because  of  the  further  fact  that,  on  account  of  the  climatic  conditions 
in  some  parts  of  the  district  under  consideration,  their  influence  may  be 
overestimated.  Although  authorities  are  not  agreed  as  to  whether 
forests  increase  the  actual  amount  of  rainfall,  the  weight  of  evidence 
seems  to  be  tending  to  prove  that  they  do  not  All  are  agreed,  how- 
ever, that  they  act  as  regulators  of  the  flow  of  streams;  which  they 
appear  to  accomplish  through  the  decreased  evaporation  under  a  shaded 
surface,  and  the  increased  sub-drainage  through  the  resistance  to  surface 
drainage  and  increased  porosity  of  a  forest-covered  soil.  The  forests, 
therefore,  diminish  the  quantity  of  water  flowing  directly  from  the 
surface  in  summer,  and  by  storing  it  up,  to  be  given  out  gradually,  con- 
tribute to  the  constancy  of  the  streams.  (See  page  64  for  further 
remarks.) 

METHOD  OP  ESTIMATIKa  THE  PLOW  OP  STBEAMS. 

I  will  now  proceed  to  explain  the  general  method  I  have  followed  in 
estimating  the  flow  of  the  streams  in  this  district.  In  calculating  the 
amount  of  waterpower  available  I  have  considered  the  flow  of  streams 
chiefly  with  reference  to  three  quantities,  viz. : 

1.  The  absolute  minimum  flow. 

2.  The  minimum  low-season  flow. 

3.  The  low-season  flow  in  ordinarily  dry  years,  but  not  the  driest. 
a.  The  absolute  muhmum  flow  determines  the  maximum  power  which 

the  stream  will  afford,  at  a  given  point,  at  all  times;  but  as  this  mini- 
mum flow  generally  occurs  during  a  period  of  not  over  a  few  days  at 
intervals  of  a  number  of  years,  it  is  not  of  so  much  importance  as  the 
other  quantities,  and  if  only  this  flow  is  utilized  there  will  be  a  large 
amount  of  water  wasting,  even  in  the  low  season,  for  years  in  succes- 
sion. The  amount  of  this  flow  is  best  approximated  to,  by  assuming 
a  certain  discharge  per  square  mile  of  watershed,  varying  with  the  area 
of  the  watershed  and  the  local  and  cUmatic  conditions.  In  estimating 
this  flow  I  have  made  use  of  the  results  given  in  the  table  on  page  55. 


METHOD    OF    ESTIMATING    THE    FLOW    OF    STREAMS. 


55 


§  1 

o 

08 

1    i 

s? 

a     o 

c     a 

9» 

151 

X 

£ 

tf 

^      Ph 

o 

< 

S      ^ 

COO 
■?  ®  w 

oil 


•?< 

§2 

o 

A 

o  « 

0.  X 

•o 

^ 

°C 

Ss 

c 

0) 

1 

it-- 

Croos. 
ents 
0. 
Croes. 

CR      • 

11 

« 

3^   . 

tfg£=^ 

»5  = 

2 

08  a  . 

^'5^^ 

^B: 

'aiim  aj«nbd  jad 
pao.ods  jdd  ^aaj  o|qno 
'MOO  ja)VAk-MOi  jCjvaipJO 

'd{{ui  ajBnbs  jad  pnooas 
.lad  )aaj  oiqno  mnmiuiK 


a: 

H 

a 
c 

ao 

d 
o 

c 


a: 
Ed 


•J 
ao 


o     o     » 


IS 

a 


•ainn'jnv 


•jacomng 
'jlaiadg 


-• 

" 

-• 

^ 

— 

— 

^ 

^       —             — 

— 

eo 

CO 

©» 

£2 

EJ 

3» 

E2 

£2 

W 

9»       CO           2 

22 

n 

- 

o 

^ 

== 

= 

- 

o 

91 

e-» 

32     ec         cc 

21 

C9 

o 

O 

M 

tX       ?l             91 

M 

2 

I  -sainn 

9j«nbs  '«ajB  aifBUfBjQ 


S    S    S    8      8    8    8 

'i     i     S     ?S         ^     eS     3 


H 

s 

o 

33 

< 

s 

-H 

s 

ti 

3 

5 

I 

s 

1      : 

.M 

1 

o     -^ 

j< 

2< 

O       3 

OS 

« 

aa 

98 

I 

i      >k 

03     X3 

> 

5 

1    ? 

'h 

1. 

.     a>  tf  Q 

^ 

t 

1       'TS 
)       3 
)      CO 

a 

X 

Is 

*l 

CO 


2i 


8    8    8 

Hi 


'^c^    8^^ 

^  e  i 


a  a 
F  o 
to 
oa 


2    S 

2  5 


o 


2 
2 


=■    2    % 

fe- 1 1 


66 


THE    FLOW   OF   STBBAU8. 


METHOD    OF    ESTIMATING   THE    FLOW   OF    STREAMS. 


57 


•qijiaiiX 


X 
H 
Z 

o 


< 


'qiadAeis    |  ^T*^®^ 

•qiuex    1  '?^^^**? 

1  »^W*«2C 

1  **o©o*^ 

•q^uOAOS    151^11 

•„x,8   |g|S|| 

_                    "^    1  O  =  3  =  o_ 

I  c>©6©d_ 
I  doodo 


oqa  aoj  i»aox 


'q^aaAaia 


•q^aax 


^     I- 

o    '- 


•q^om 


•q»q*»a  |  '?*^"?'?* 


*q)aaA98 
•q^X!8 

•qiiid 

•qwnoj 

•pjjqx 


*pao3dg 


I  — d^  — d 

I  ddddd 

I  ddddd 

Ifi  w  sS  cS  r» 
<6  6  66  6 


'aayiin 


lii^i 


I   :  : 

I  ;; 
'-I 


t  =  = 

j;  C  y 


=--1 


rf rz  I 


i^Sr 

*t:?19* 

^l^ii 

"^^^*^ ' 

^?*li^ 

"j^n'saT 

^2«*- 

§^«s^ 

—  e=  = 

iifiS 

=  =rae 

1&5SS 

dded 

SSSS 

0^=3  = 

SS^^l 

=>ooo 

s 

SS?^i^ 

dddd 

iS 

isri«^ 

>^ 

_ec>jp=_ 

O 

^ifSF, 

QD 

^s^il^ 

V 

8£SII 

?  -i 


B 

K 
C 


^1 

i--  I     I 


sees 

Vt  -i  *!  91 

"tints' 

dddd 


mm 


'      H 


2 


o 

B 

B 

C 

h 
C 
M 

0 


ill? 
Ml 


I   32*8    i 

_>^dd_3_ 
d  d  d  d_ 
d  d  d  d_ 

"is  St  "^5; 

_^ddcrd_ 
d  d  =^  d_ 


?f 


I    '^     'n     "^  ,^ 


^=_=_5_  g 

i  -  -  -         I   ^ 


a 

I. 

e    - 

*S  o  2*5 
o  u  s  j: 


68  THE    FLOW    OF    STREAMS. 

K  The  mini^iu^i  low-season  flow  is  the  smallest  average  amount 
flowing  during  a  period  of  from  six  to  three  weeks,  generally  in  summer, 
when  the  stream  is  at  its  lowest.  In  most  years  the  average  flow  dur- 
ing the  season  of  least  flow  exceeds  this  amount.  It  may  therefore  be 
depended  upon  at  all  times,  except  for  intervals  of  a  day  or  two,  perhaps 
several  days  at  a  time,  during  which  the  flow  approaches  its  absolute 
minimum,  and  may  be  rendered  available  at  all  times  by  a  small  amount 
of  storage.  In  ordinary  years  there  will  generally  be  an  excess  all  the 
time. 

This  minimum  low-season  flow  can  probably  be  best  estimated  by 
comparison  with  results  of  observation,  some  of  which  are  given  in  the 
table  on  page  55.     But  in  most  cases  I  have  estimated  it  as  follows: 

1.  Seven-tenths  of  the  mean  annual  rainfall  may,  in  general,  be 
considered  the  minimum  rainfall. 

2.  Forty  per  cent,  of  this  may,  on  the  average,  for  tolerably  large 
drainage  basins,  be  considered  to  be  discharged  by  the  streams,  subject 
to  variation,  however,  according  to  local  and  climatic  conditions;  but 
in  no  case  should  the  amount  determined  in  this  way  as  the  total 
amount  discharged  in  the  year  of  the  minimum  low-season  flow  exceed 
say  10  to  13  inches. 

3.  The  distribution  of  this  flow  through  the  year  may  be  estimated 
from  the  results  of  the  table  on  page  57,  bearing  in  mind,  however,  in 
estimating  the  coefficient  which  expresses  the  proportion  of  the  mean 
monthly  rainfall  which  is  discharged  in  the  driest  month,  the  various 
remarks  concerning  the  district  considered,  on  pages  63  and  54. 

c.  The  low-season  flow  in  dry  years  (but  not  the  driest)  I  have 
sometimes  estimated  by  assuming  the  run-off  somewhat  larger  than  for 
the  minimum  low-season  flow,  and  taking  a  certain  proportion  of  this  as 
the  amount  flowing  in  the  one  or  two  months  when  the  stream  is  low- 
est, according  to  the  table  on  page  57,  modified  according  to  circum- 
stances. In  many  cases,  however,  I  have  simply  increased  the  estimate 
given  for  the  minimum  low-season  flow  by  an  arbitrary  percentage. 
From  the  above  remarks  it  will  be  clear  that  without  storage  this  flow 
may  generally  be  depended  upon  except  in  the  low  seasons  of  very  dry 
years  when  the  supply  may  be  deficient  for  several  weeks  at  a  time. 
In  ordinary  years  at  least  one-quarter  more  may  generally  be  depended 
upon  at  all  times  than  the  figures  under  this  head  in  the  tabular  state- 
ments of  power  concerning  the  several  streams  described  in  this  report 
indicate. 

The  month  of  least  flow  (the  driest  month)  varies  considerably  from 
year  to  year,  falling  sometimes  in  the  summer  and  sometimes  in  the 
winter,  and  the  months  do  not  succeed  each  other  in  the  order  of  dry- 
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ness.  As  a  rule,  however,  the  driest  months  fall  in  summer,  although 
sometimes  the  difference  is  not  very  pronounced.  (See  a  paper  by  Mr. 
Clemens  Herschel,  "  The  Gauging  of  Streams."  Transac,  Am.  Soc. 
Civ.  Engrs.,  vol.  vii,  1878,  p.  236.) 

In  describing  the  separate  waterpowers  I  have  therefore  given  three 
estimates.  For  convenience  of  reference  I  will  recapitulate  them  here, 
noting  briefly  their  exact  meaning: 

1.  The  absolute  minimum. — This  can  be  depended  upon  always,  and 
with  no  storage  at  all.  There  will  be  large  waste  all  the  time,  except 
for  a  few  days  at  a  time  in  intervals  of  several  years. 

2.  The  minimum  low-season  flow. — This,  with  no  storage,  can  be 
depended  upon  at  all  times,  except  for  a  short  time  in  some  dry  seasons. 
With  small  storage  it  can  be  depended  upon  all  the  time. 

3.  The  low-season  flow  m  obdinaby  dby  yeabs  (not  obdinaby 
YEABs). — This,  without  storage,  can  be  depended  upon  generally,  except 
in  the  low  season  of  dry  years,  when  the  supply  will  be  deficient  for, 
perhaps,  several  weeks;  in  very  dry  years,  when  the  supply  will  be 
deficient  for  a  longer  time,  and  in  ordinary  years,  when  the  supply  may 
be  deficient  for  a  few  days  at  a  time.  It  can  be  rendered  permanently 
available  by  storage.  The  low-season  flow  of  ordinary  years  can  be 
depended  upon  less  than  the  minimum  described  in  paragraphs  1  and 
2  above;  but  generally  it  can  be  depended  upon  for  nine  or  ten  months 
of  every  year. 

In  obdinaby  yeabs,  during  the  "  low  season,"  a  quantity  probably  at 
least  one-quarter  greater  than  during  the  "  low-season  flow  in  ordinary 
dry  years  "  may  be  secured. 

Attention  is  again  called  to  the  fact  that  all  the  estimates  in  the  fol- 
lowing pages  must  be  considered  only  rough  approximations.  It  is 
impossible  with  the  data  at  hand  to  give  anything  better. 

Especial  emphasis  is  also  directed  to  the  fact,  just  mentioned,  that 
during  ordinary  years  the  amount  of  power  available  at  the  different 
sites  during  the  low  season  will  be  much  greater  than  given  in  the  tables, 
probably  at  least  onequarter  greater. 

EFFECT  Ain>  FEASIBILITY  OF  STOBAaE  BEBEBVOIBS. 

The  above  estimates  are,  of  course,  for  the  natural  flow  of  streams 
unaffected  by  storage  reservoirs.  By  building  such  reservoirs,  a  larger 
quantity  of  water  might  be  used  in  a  year  (by  drawing  on  a  wet  season 
to  cover  the  deficiency  of  a  dry  one),  and  it  may  be  used  more  uni- 
formly throughout  the  entire  year  than  would  otherwise  be  the  case. 
If  suitable  reservoirs  could  be  built,  it  would  be  possible  (allowing, 
of  course,  for  evaporation)  to  collect  and  draw  the  total  quantity  of 
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TTDATi  WATEBPOWBR. 

There  is  no  tidal  power  either  used  or  available  in  the  district  con- 
sidered, partly  because  there  are  no  facilities  for  storing  water,  and 
partly  because,  as  is  evident  from  the  topography  of  the  country,  there 
are  no  facilities  for  the  location  of  dams  and  buildings  on  a  low  and 
swampy  coast 

TOTAX  AVAHiABIiE  POWER. 

It  is  customary  to  attempt  to  estimate  the  total  available  power  of  a 
district  by  assuming  the  average  elevation  and  the  quantity  of  water 
discharged.  Such  estimates  have  little  value,  because  a  large  propor- 
tion of  the  power  so  estimated  is,  in  fact,  unavailable,  on  account  of 
topographical  features.  In  regard  to  the  region  under  consideration, 
however,  it  is  to  be  noticed  that  as  the  elevation  of  the  Atlantic  plain, 
at  the  foot  of  the  mountains,  is  much  greater  than  in  the  states  farther 
north,  varying  from  1200  feet  in  Iforth  Carolina,  at  the  sources  of  the 
Catawba,  to  600  *  feet  in  Virginia  and  100  to  300  feet  in  Pennsylvania,* 
the  total  theoretical  power  in  the  region  we  are  considering  will  be  very 
large  in  proportion  to  its  area,  especially  if  we  exclude  the  eastern  divi- 
sion from  consideration. 

Having  presented  the  general  features  of  the  district  under  consid- 
eration, and  having  briefly  pointed  out  the  general  principles  relating  to 
the  amount  of  power  avaUable,  and  explained  the  method  used  in  calcu- 
lating it,  it  is  now  only  necessary  to  show  how,  in  the  application  of 
those  principles,  the  general  characteristics  of  the  region  show  their 
effects  and  are  to  be  taken  into  account. 

GENERAL  SXnOLARY. 

INFLUENCE  OF  WINDS  AND  EVAPORATION. 

1.  It  follows  from  the  position  of  the  region  that  the  warm  and  moist 
S.W.  winds  from  the  Gulf  of  Mexico  traverse  its  whole  extent.  Hence 
the  rainfall  is  greatest  (62  inches)  in  Alabama  and  southern  Georgia, 
while  the  evaporation  is  comparatively  small,  because  the  air  is  moist, 
and  the  rainfall  diminishes  to  44  inches  and  less  in  North  Carolina  and 
Virginia,  while  the  air  becomes  drier  and  the  evaporation  greater. 
Above  Xorth  Carolina  the  greater  part  of  the  rain  comes  from  the 
Atlantic,  while  south  of  Virginia  most  of  it  comes  from  the  Gulf.  This 
fact — that  the  evaporation  increases  toward  the  north — ^has  an  impor- 
tant bearing  on  the  flow  of  the  streams,  which  will  be  referred  to 
further  on. 

»Guyot. 
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INFLUENCE  OF  TOPOGRAPHIC  FEATURES. 

2.  From  the  topography  it  follows  that  all  the  waterpower  of  import- 
ance is  in  the  middle  division.  In  the  eastern  division  the  streams  ai^ 
too  sluggish,  and  in  the  western  they  are  too  small  and  inconstant. 
Although  the  middle  division  is  very  favorably  located  for  waterpower, 
it  is  imfortunate  that  in  the  eastern  division,  just  where  the  streams  are 
the  largest,  the  conditions  are  not  favorable.  The  middle  division  is, 
topographically,  very  favorable  for  power.  The  fall  of  the  streams  is 
great,  but  as  a  whole  tolerably  uniform,  and  their  volume  moderately 
large.  They  cross  the  ledges  of  rock  at  large  angles,  forming  many 
rapids,  rifts,  or  falls  in  all  parts  of  this  region.  These  ledges,  being 
composed  of  hard,  durable,  and  impervious  rocks,  generally  granite  or 
similar  rocks,  insure  the  permanence  of  the  powers,  and  afford  every- 
where good  sites  for  dams.  The  shape  of  the  river  valleys  is  such  as 
to  render  the  utilization  of  the  power  in  most  cases  easy,  there  being 
only  a  very  few  instances  of  anything  approaching  the  canon  structure. 
The  facilities  for  storing  water  are,  on  the  whole,  good,  though  the 
shape  of  the  valleys  does  not  seem  to  be  particularly  favorable;  for  in 
the  mountains  the  fall  is  too  great  and  the  valleys  too  narrow  to  afford 
large  reservoir  room,  while  lower  down  the  rivers  are  bordered  by  fertile 
bottom-lands,  which  it  might  be  inadvisable  to  overflow,  and  besides,  as 
the  streams  are  tolerably  large,  it  would  be  difficult  to  store  sufficient 
water  to  increase  the  power  much.  In  the  matter  of  storage  this  region 
is  notably  less  favorable  than  such  states  as  Maine  and  Pennsylvania. 
The  absence  of  lakes,  also,  operates  unfavorably  on  the  volume  and 
constancy  of  the  streams,  especially  in  the  upper  parts,  and  this  is  coun- 
teracted by  the  action  of  the  forests  perhaps  to  a  less  extent  than  might 
be  supposed.     (See  below.) 

The  country  in  the  middle  division  being  moderately  hilly,  the  rain- 
fall is  neither  precipitated  suddenly  into  the  river  channels,  rendering 
them  subject  to  sudden  freshets,  nor  is  it  discharged  too  gradually,  so 
as  to  render  the  evaporation  abnormally  large.  On  the  contrary,  the 
depth  and  perviousness  of  the  soil,  the  fact  that  it  is  everywhere  under- 
laid with  hard  and  impervious  rock,  and  that  the  rivers  have  cut  their 
channels  down  to  this  rock-bed,  contribute  to  the  volume  and  con- 
stancy of  the  streams,  and  diminish  the  loss  by  evaporation  and  by  sub- 
terranean flowage.  This  depth  of  soil,  serving  to  store  the  waters,  is 
especially  beneficial  in  view  of  the  variability  of  the  rainfall,  in  which 
respect  some  parts  of  this  region  stand  at  a  disadvantage,  which  is  thus, 
to  some  extent,  compensated  for.  In  Maine,  for  instance,  the  soil  is 
very  shallow  compared  with  that  in  North  Carolina,  but  the  rainfall  is 
very  equally  distributed  throughout  the  year.  (See  page  52  for  further 
remarks  on  this  subject.) 
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INFLUENCE  OF  FORESTS. 

3.  The  influence  of  the  forests  in  the  western  division  is  favorable, 
yet  not  to  such  an  extent  as  might  be  supposed,  according  to  what  has 
been  said  regarding  the  influence  of  woods  in  winter  and  in  summer. 
In  fact,  there  is  reason  to  believe  that  at  least  in  the  northern  parts  of 
the  region  considered  less  water  percolates  into  the  ground  in  winter, 
to  be  stored  and  given  out  by  springs,  than  in  open  ground.  From 
the  experiments  which  have  been  referred  to,  the  conclusion  has  been 
drawn  for  Germany  that  the  cutting  down  of  forests  has  the  effect  in 
winter  of  increasing  the  discharge  of  springs  and  causing  a  higher  aver- 
age stage  of  the  water  in  the  streams  than  existed  before.'  In  hot 
regions,  and  in  summer,  the  cutting  down  of  woods  has  the  opposite 
effect,  but  it  does  not  seem  improbable  that,  for  the  district  considered, 
the  effect  would  be  to  a  certain  extent  as  stated,  especially  if  (as  is  the 
case  in  the  western  part  of  the  district  in  many  cases)  the  rainfall  is 
greater  in  winter  than  in  summer.  For  this  reason  it  is  easy  to  over- 
estimate the  effect  of  the  forests  as  regulators  of  flow.  Their  effect  is 
certainly  very  much  smaller  than  in  regions  where  the  rainfall  is  greater 
in  summer  than  in  winter,  in  which  case  their  effect  is  very  beneficial 
and  only  exceeded  by  that  of  lakes  or  artificial  reservoirs  and  surface 
materials.  The  fact  that  the  mountains  in  this  district  are  covered 
with  soil  is  one  of  great  importance,  and  on  this  account  the  flow  of  the 
streams  will  be  much  more  constant  than  it  would  otherwise  be. 

INFLUENCE  OF  TEMPERATURE. 

4.  I  have  already  alluded  to  the  winds  and  the  position  of  this  region 
as  affecting  its  waterpower.  As  regards  temperature,  it  is,  of  course, 
higher  in  this  region  than  in  New  England.  In  summer  the  difference 
is  some  12°;  in  winter,  over  20°;  and  for  the  year,  in  the  middle  divi- 
sion, 12°  to  15°.  The  average  temperature  in  winter, is  far  above  the 
freezing  point;  hence  the  streams  rarely  freeze  over.  Trouble  with  ice 
is  almost  unknown,  and,  in  this  respect,  this  region  has  a  great  advan- 
tage over  the  more  northern  states,  which  is,  however,  partially  offset  by 
the  fact  that  the  evaporation  is  greater. 

Mr.  Wells,  in  his  report  on  the  waterpower  of  Maine,  dwells  upon 
the  fact,  which  he  says  is  founded  on  the  testimony  of  persons  who 
have  had  the  largest  and  most  varied  experience  in  manufacturing  in 
Maine  and  other  states,  that  operatives  can  accomplish  much  more  in 
winter  than  in  summer,  and  more  in  cold  than  in  warm  states.  I  quote 
Mr.  "Wells'  remarks  on  this  point: 

» Ebermajer:  Die  pliysikalischen  Einwirkunacn  dcs  WaMes  auf  Luftund  Boden.und  seiru 
kllmatologUchc  und  hygienUche  Bedeuttuig,    Berlin,  1873,  p.  223. 


GENERAL   SUMMARY.  65 

"  It  is  well  knpwn  that  at  the  large  majority  of  manufacturing  labors 
the  burden  of  the  day's  work  is  felt  by  the  operative  to  be  much  heavier 
in  summer  than  in  winter.  The  cold  of  the  latter  season  can  be  so 
guarded  against  and  mollified  that  throughout  the  whole  establishment 
precisely,  or  very  nearly,  that  temperature  can  be  secured  which  is 
most  contributive  to  vigorous  exertion.  But  the  heat  of  summer,  per- 
vading and  penetrating  everything,  and  brought  in  at  every  open  win- 
dow with  the  necessary  supplies  of  fresh  air,  cannot  be  shut  out.  It 
cannot  be  qualified.  It  oppresses  the  worker  with  a  languor  rarely 
experienced  in  out-of-door  avocations,  and  renders  it  impossible  for  him 
to  do  so  much  or  do  so  well  as  he  can  easily  do  in  cool  weather.  Ac- 
cordingly, the  evidence  is  that  in  Maine,  where  the  summer  tempera- 
ture is  low,  where  it  rises  above  the  point  of  comfort  for  but  a  few  days 
for  the  whole  season,  operatives,  circumstanced  equally  in  every  other 
respect,  accomplish  more  than  in  the  interior  and  more  southern  states 
by  the  truly  remarkable  fraction  of  10  per  cent." 

It  must,  however,  be  borne  in  mind  that  although  in  warmer  climates 
the  operatives  are  unable  to  accomplish  so  much,  yet,  on  the  other 
hand,  the  expense  for  heating  the  factory  buildings  is  greatly  reduced, 
and  that,  further,  as  the  operatives  can  live  more  cheaply  on  account  of 
not  needing  so  much  artificial  heating  in  their  houses,  their  wages  may 
be  much  less  in  proportion.  In  fact,  it  is  stated  that  the  wages  paid 
to  operatives  in  cotton  factories  in  the  Southern  states  is  from  30  to 
60  per  cent,  less  than  in  the  New  England  states.*  The  table  of  max- 
imum observed  temperatures  shows  that  the  maximum  observed  tem- 
perature in  Maine  is  about  the  same  as  in  Georgia.  The  following 
table  of  the  mean  temperatures  of  the  hottest  and  coldest  months  of 
the  year  will  enable  a  comparison  to  be  made  between  the  New  England 
states  and  the  Southern  states,  and  will  show  that  the  difference  is 
not  so  great  as  is  generally  supposed. 

*  According:  to  the  census  of  1800,  the  averaere  wngea  paid  to  operatives  In  cotton  factories 
in  various  states  was  as  follows.  In  dollars,  per  annum :  Maine,  304 ;  New  Hampshire,  321 ; 
Vermont,  281 ;  Massachusetts,  33^1 ;  Rhode  Island,  314 ;  Connecticut,  319 ;  Pennsylvania,  348 ; 
Maryland,  250 ;  Vlrgrlnla,  188;  North  Carolina,  3  72;  South  Carolina,  187;  Georgria,  207.  The 
wagres  win  depend  somewhat  on  the  quality  of  groods  manufactured,  but  the  averagre  is 
evidently  much  less  in  the  south. 
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Table  of  Mean  Temperatures  ot  Hottest  and  Coldest  Months  in  Various  Places. 


Bath,  Me 

Castlne,  Me 

Brunswick,  Me 

Newport,  R.I 

Providence,  R.  I... 
New  Haven,  Conn. 
Hartford.  Conn.  . . . 
Manchester,  N.  H. . 
New  York,  N.  Y.... 

Newark,  N.  J 

Philadelphia,  Pa.  . . 

Harrisburgr,  Fa 

Baltimore,  Md 

Washington,  D.  C.  . 

Norfolk,  Va 

South  port,  N.  C 

Chapel  Hill,  N.C... 
Asheville,  N.  C 

Aiken,  8.  C 

Charleston.  S.  C.  ... 

Columbia,  S.C 

Fort  Moultrie,  8.  C. 

Athens,  Ga 

Atlanta,  Oa. 

Augusta,  Ga, 


Number  of 

years  of 
observation. 


11 
40 
52 
63 
34 
23 
24 
22 
25 
54 
25 
8 
25 
25 
26 
18 
36 
18 
85 
25 
25 
18 
34 
20 
18 
25 


I 

Mean  temperature  i  Mean  temperature 

of  hottest  month,     of  coldest  month. 

July.  I  January. 


68.7 
64.8 
67.4 
70.1 
70.9 
71.8 
71.9 
72.3 
73.5 
74.1 
75.7 
72.9 
77.2 
76.8 
78.7 
80.0 
78.6 
72.4 

79.9 

81.8 
81.0 
81.7 
78.6 
78.0 
81.1 


23.2 
21.4 
20.1 
29.9 
25.8 
27.5 
27.6 
23.2 
30.5 
29.2 
32.0 
30.3 
34.0 
83.2 
40.6 
46.3 
39.9 
38.9 

45.5 

50.0 
46.3 
50.2 
42.7 
42.5 
4«.6 


Most  of  the  stations  in  the  Southern  states  are  in  the  eastern  divi- 
sion, where  the  weather  is  much  warmer  than  in  the  middle  and 
western  divisions,  where  the  waterpower  is.  The  table  shows  that  at 
Athens  and  Atlanta,  Georgia,  which  are  the  best  types  of  the  middle 
section,  the  mean  temperature  of  the  warmest  month  is  not  much  dif- 
ferent from  that  in  the  Middle  states,  although  Maine,  it  is  true,  has 
a  lower  temperature  by  some  10^.  It  seems  to  me,  however,  that  this 
effect  of  temperature  has  been  overestimated,  and  that,  so  far  as  it  alone 
is  concerned,  the  advantages  in  the  Southern  Atlantic  states  more  than 
counterbalance  the  disadvantages. 


INFLUENCE   OF  RAINFALL. 


5.  As  regards  the  rainfall,  its  distribution  throughout  the  year  on 
the  watershed  of  each  river  is  to  be  carefully  considered.  Variability 
in  this  distribution  may  not  be  a  disadvantage,  but  on  the  contrary, 
if  the  summer  fall  is  greater  than  the  winter  fall,  the  flow  of  the 
streams  will  be  more  regular,  other  things  being  equal.  In  determining 
the  ratios  to  be  used  in  estimating  flow  I  have  been  influenced  by  this 
consideration,  and  if  of  two  streams,  similar  in  other  respects,  one  has 
more  rain  in  summer  than  in  winter,  and  the  other  more  in  winter  tkan 
in  summer,  I  have  taken  the  minimum  flow  of  the  former  considerably 
greater  than  that  of  the  latter.  Differences  in  the  evaporation  in  dif- 
ferent parts  of  the  district  also  come  into  consideration.     If  the  other 
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climatic  conditions  remained  the  same,  the  effect  of  variability  in  the 
rainfall  would  be  seen  in  a  corresponding  variation  in  the  flow  of  the 
streams,  and  in  those  seasons  when  most  rain  fell  the  flow  of  the  streams 
would  be  greater.  Yet  in  the  New  England  states,  as  well  as  in  the 
Southern  states,  the  streams  are  lowest  in  summer,  even  when  more 
rain  falls  in  that  season,  showing  that  the  evaporation  in  that  season 
is  more  than  sufficient  to  make  up  for  the  greater  rainfall.  It  is  true 
that  in  the  North  there  is  a  winter  drought,  caused  by  the  snow  lying 
so  long  on  the  ground,  so  that  little  of  the  precipitation  reaches  the 
streams;  yet,  although  in  some  cases  the  driest  month,  or  the  month 
when  the  streams  are  lowest,  falls  in  the  winter,  in  general  the  summer 
drought  is  greater  than  the  winter  drought  On  account  of  the  in- 
creased evaporation,  the  southern  streams  will,  in  all  probability,  dis- 
charge a  smaller  proportion  of  the  rainfall  on  their  drainage  areas  than 
those  in  New  England.  Finally,  the  effect  of  soil  and  lakes  must  not 
be  overlooked  in  comparing  this  region  with  New  England,  and  in  esti- 
mating the  flow  of  the  streams. 

The  foregoing  remarks  have  been  made  because  it  is  necessary  to 
present  the  principles  which  have  guided  me  in  making  the  estimates 
in  this  report  The  conditions  determining  the  flow  are,  however,  so 
various,  that  they  cannot  all  be  given  due  weight,  even  if  they  were  all 
accurately  known;  so  that  the  only  safe  guide  in  practical  questions 
regarding  flow  is  a  series  of  gaugings  extending  over  a  number  of  years. 
But  as  there  is  not  a  single  such  series  for  the  district  considered  it  is 
necessary  to  resort  entirely  to  estimate.  Every  engineer  can  form  his 
own  conclusions  from  the  data  at  hand,  and  many  may  not  be  disposed 
to  approve  of  the  figures  given. 


CHAPTER  IV. 
GEOLOGIC  DISTRIBUTION  OF  WATEEPOWER/ 

GEOLOOIC  OOHDITIOHS  AfTECTINa  WATEBPOWEK  DEVELOPMENT. 

Even  the  most  casual  observer  must  be  aware  of  the  fact  that  the 
falls  and  shoals  in  rivers,  upon  which  we  usually  depend  for  the  devel- 
opment of  waterpowers,  have  a  more  or  less  intimate  connection  with 
the  hardness,  durability  and  arrangement  of  the  rock  masses  that  are 
crossed  by  the  channels  of  these  streams;  and  in  calling  attention  to 
this  phase  of  the  subject  it  is  thought  best  to  explain  briefly  the  nature 
of  this  connection  in  certain  of  the  types  more  commonly  met  with. 

m  ABEAS  OF  HORIZONTAL  BEDDED  BOCK. 

One  of  the  most  common  and  simple  examples  of  this  connection  is 
illustrated  by  the  accompanying  diagram  (fig.  7),  in  which  the  layers 


Fig.  7. — Hard  and  soft  horizontal  strata,  favoring  the  development  of  waterfalls  and 
rapids  in  river  channels.     a  =  LinQestone.     6==Shale. 

of  rock  which  underlie  the  stream  are  practically  horizontal,  and  are 
alternately  massive  and  composed  of  durable  material,  such  as  Kme- 
stone  and  sandstone  (a),  and  thinly  bedded  shales  (b)  which  are  softer 
and  more  easily  eroded.  In  the  course  of  time  the  sand,  gravel  and 
bowlders  carried  down  by  the  stream  wear  through  the  overlying  hard 
rock  at  some  point  and  then  more  rapidly  cut  away  the  imderlying 
layers  of  soft  material,  the  result  being,  first,  a  succession  of  rapids  or 
shoals,  and  later,  a  vertical  fall  (as  at  1)  at  least  as  high  as  the  thick- 
ness of  the  shale  material.  In  a  similar  way  another  fall  may  be  pro- 
duced a  short  distance  further  down  the  stream  (as  at  2),  the  amount 


>By  J.  A.  Holmes. 
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of  the  fall  there  being  less  in  proportion  as  the  underlying  layer  of  soft 
shale  is  thinner.  Still  further  below  (at  3)  rapids  or  cascades  are  pro- 
duced, owing  to  the  irregularities  in  the  character  of  the  layers  of 
harder  rock  and  the  consequent  irregular  wearing.  The  exact  condi- 
tions here  illustrated  probably  do  not  occur  in  North  Carolina,  but  may 
be  found  approximated  at  Niagara  Falls  and  many  other  places  in  the 
United  States. 

IN  AREAS  OF  BEDDED  SANDS  AND  OLAYS. 

In  some  portions  of  the  coastal  plain  region,  however,  where  the 
streams  are  cutting  their  way  down  across  the  horizontal  and  soft  strata 
such  as  alternate  beds  of  clay  and  sand,  we  have  conditions  somewhat 
similar  to  those  described  above  except  that  in  these  cases  the  strata, 
instead  of  being  alternate  layers  of  hard  and  soft  rocks,  are  of  alto- 
gether unconsolidated  materials  which  have  not  yet  turned  to  stone. 


Fig.  8. — Interbedded  sands  and  clays  favoring  the  development  of  rapids  in  river 
channels. 

P  and  P'=Finely  laminated  and  in  places  cross-bedded,  black  laminated  clay  below, 
and  bedded  but  cross-laminated  clayey  arkose  above,  the  strata  of  both  clay  and  arkose 
beinjET  separated  by  layers  of  sand  varying  in  thickness  from  a  small  part  of  an  inch  to 
several  feet.  The  strata  marked  P*  above  rr  represent  the  same  strata  as  P  below  the 
IT.  j«=Sand  hills  back  from  the  stream  border.  /=River  terraces  of  recent  loams, 
gravel  at  their  base.  rr=Surface  of  the  stream  showing  that  as  it  washes  away  the 
laminated  arkose  and  clay  irregular  rapids  are  produced  in  the  stream,  owing  to  the 
more  rapid  removal  of  the  interbedded  sand. 

Such  a  condition  of  things  may  be  illustrated  by  fig.  8,  which  represents 
somewhat  the  conditions  existing  on  Rockfish  creek  in  Cumberland 
county,  described  in  a  subsequent  chapter  (p.  138). 

In  the  lower  portion  of  its  course  the  waters  of  Rockfish  creek  have 
cut  their  way  down  through  the  overlying  sands  and  loams  and  are 
now  cutting  through  the  lower  interbedded  sands,  clays  and  arkose, 
(p.  138)  and  the  still  lower  more  finely  laminated  sands  and  greenish- 
black  clays.  Near  the  mouth  of  Rockfish  these  materials  in  its  bed 
have  been  worn  away  to  the  level  of  the  Cape  Fear  river  which  it  joins. 
Further  back  from  the  Cape  Fear  the  cutting  down  through  alternate 
layers  of  loose  sand  and  tough  clay  has  resulted  in  producing  a  rapid 
but  irregular  current  with  occasional  small  shoals,  at  several  of  which 
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waterpowers  have  been  developed  by  the  conBtruction  of  dams  and  fac- 
tories erected. 

IN  ABBAS  OF  TILTED  BEDDED  BOOK. 

Figure  9  illustrates  another  condition  of  common  occurrence.  In  this 
case  the  rocks  resemble  in  character  those  in  many  portions  of  the 
country,  especially  in  the  southern  Appalachian  region,  including  por- 
tions of  western  North  Carolina  described  above  (p.  25),  but  the  strata 
extending  across  the  bed  of  the  stream  are  inclined  at  high  angles, 
often  standing  on  edge.  The  upturned  edges  of  these  layers  of 
rock  vary  greatly  in  character,  some  of  them  being  (a)  hard  and  dur- 
able and  others  (b)  soft  and  easily  worn  away  by  the  sand,  gravel  and 
bowlders  swept  along  in  the  stream.  When  the  water  flows  rapidly 
down  such  a  stream  we  have  resulting  a  river  channel  which  is  as  a  rule  an 
extremely  rough  one,  with  here  and  there  projecting  ledges  of  hard 


Fig.  y. — Hard  and  softer  inclined  strata,  favoring  the  development  of  cascades  and 
shoals  in  river  channels.     a=Limestone.     &=Shale. 

rock  extending  across  the  stream  with  as  much  regularity  as  though 
they  were  laid  in  masonry;  while  alternating  with  these  are  the 
hollows  and  depressions  worn  into  the  surface  of  the  softer  rock. 
Where  a  large  mass  of  the  softer  rock  comes  just  below  a  large  mass 
of  hard  materials  (as  at  1  in  fig.  9)  the  conditions  are  favorable  for  the 
development  of  a  fall  or  cascade  of  considerable  height;  but  where  there 
is  less  of  the  hard  stone  (as  at  2,  fig.  9)  the  extent  of  the  cascade  or 
rapid  will  be  considerably  diminished;  and  where  there  are  a  succession 
of  alternating  hard  and  soft  layers  (as  at  3)  the  conditions  are  favorable 
for  the  development  of  a  succession  of  rapids  or  cascades.  If  on  the 
other  hand  the  strata  crossed  by  the  stream  are  fairly  uniform  in  char 
acter  there  will  be  generally  a  corresponding  uniformity  in  the  current 
of  water. 


IN  AREAS  OF  SLATES  AND  OBYSTALUNB  SCHISTS. 

One  of  the  most  common  types  of  geologic  structure  affecting  water- 
power  development  in  Xorth  Carolina  and  other  South  Atlantic  states 
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is  that  to  be  found  in  the  great  belts  of  slates  and  crystalline  schists 
lying  in  the  eastern  part  of  the  Piedmont  plateau  region.  (See  map, 
p.  78).  Here,  as  in  the  structural  type  shown  in  fig.  9  above,  layers 
or  sheets  of  rocks  are  nearly  vertical,  and  are  composed  of  material 
varying  in  hardness  and  durability;  but  throughout  much  of  this  belt, 
and  especially  along  its  western  border,  the  variations  are  less  well 
defined  and  on  a  smaller  scale,  the  thin,  hard  layers  being  so  numerous 
and  so  generally  distributed  that  in  the  streams  like  the  Haw  and  Deep 
rivers,  which  cross  the  larger  portions  of  these  belts  nearly  at  a  right 
angle,  there  is  almost  a  continuous  series  of  small  rapids  or  shoals  with 
an  aggregate  fall  of  from  5  to  20  feet  to  the  mile. 

THE  "narrows"  section  ON  THE  YADKIN. 

Where  the  Yadkin  river  crosses  the  larger  of  these  belts  of  slates  and 
schists  there  is  a  greater  concentration  of  the  hard  and  soft  material, 
and  consequently  a  greater  concentration  of  fall  in  the  river  at  certain 
points,  than  ia  described  above  as  occurring  on  Haw  and  Deep  rivers; 
yet  on  the  whole  this  Yadkin  river  section,  illustrated  with  approximate 
accuracy  in  fig.  10,  may  be  considered  as  fairly  typical  for  sections  of 


Fig.  10. — ConditioDS  favoring  the  development  of  cascades  and  rapids  in  river  chan-  ■ 
nels  crossing  belts  of  inclined  slates  and  crystalline  schistff. 

a=Argillaceoiis  slates  dipping  Northwest,  with  harder  and  more  durable  layers  at 
Intervals  (as  at  3).  ?;=Crystalllne  schists,  mainly  of  volcanic  origin,  obscurely 
schistose,  more  massive  and  obdurate  in  places,  as  where  the  shading  is  heavier. 
c=Finely  laminated  and  uniform  argillaceous  slat^. 

country  where  these  belts  of  rock  exist  The  space  between  1  and  2 
in  the  diagram  represents  the  "  narrows  "  section,  a  distance  of  nearly 
6  miles.  The  rock  is  eruptive  in  character,  though  an  obscurely  bedded 
conglomerate  at  the  upper  (N,W.)  side.  It  is  all  hard,  but  not  uni- 
formly so,  being  harder  and  more  obdurate  at  certain  places,  arranged 
at  intervals,  producing  the  narrows  rapids  at  the  upper  end  (just  below 
1)  and  the  "  little  falls  "  and  "  big  falls  "  near  the  lower  end  (just  above 
2).     The  total  fall  from  1  to  2  is  nearly  100  feet. 

Below  the  narrows  (between  2  and  S.E.  in  fig.  10)  the  rock  is  mainly 
an  argillaceous  slate  of  fairly  uniform  character  and  easily  eroded  by 
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water  action;  and  the  existence  of  this  softer  material  beside  the  belt 
of  hard,  obdurate  rock  which  itself  is  not  uniform,  but  has  harder  and 
softer  belts,  affords  just  the  conditions  favorable  for  the  development 
of  rapids  and  cascades  in  the  stream  that  crosses  both  belts.  As  might 
be  expected,  these  harder  rocks  (6  in  fig.  10)  cross  the  country  in  a  high, 
irregular  ridge,  while  the  surface  of  the  region  to  the  southeast,  occupied 
by  the  slaty  and  sandstone  rocks,  is  less  hilly  and  less  elevated.  The 
Yadkin  crosses  the  harder  ridge  as  a  rushing  torrent  in  a  deep,  narrow 
gorge — the  "  Narrows  " — ^but  as  soon  as  it  reaches  the  softer  slaty  rock 
(at  2  in  fig.  10)  the  current  slackens,  the  stream  widens  and  flows  on 
for  several  miles  as  a  smooth  and  relatively  sluggish  current 

For  several  miles  up-stream  from  the  Narrows  the  rocks  are  mainly 
clay  slates  having  a  southwest-northeast  course,  and  dipping  steeply 
toward  the  northwest;  and  so  the  sheets  or  beds  of  rock  stand  on  edge 
and  lean  downnstream  (S.E.).  These  rock  beds  are  for  the  most  part 
fairly  soft  and  more  easily  washed  away  than  other  more  massive  and 
more  durable  layers  which  occur  at  irregular  intervals,  and  conse- 
quently below  these  more  massive  sheets  of  rock  are  the  shoals  and 
rapids  as  indicated  in  figs.  9  and  10  above  and  as  described  further  on 
(pp.  17S-187). 

IN  GRANinO  AND  GNEISSIO  AREAS. 

In  granitic  and  gneissic  rock,  the  materials  not  being  arranged  in 
definite  strata  or  layers,  the  exact  conditions  which  cause  the  produc- 
tion of  cascades  and  rapids  in  streams  are  less  apparent  than  in  the  slaty 
and  schistose  rocks  just  described.  The  accompanying  sketch  (fig.  11) 
illustrates  a  few  of  the  conditions  favorable  to  the  development  of  water- 
powers  in  a  region  where  these  rocks  prevail,  as  in  portions  of  central 
and  western  North  Carolina. 

1.  One  often  finds  in  such  regions  breaks,  such  as  faults  or  joints 
in  the  rock,  the  material  on  one  side  of  the  break  being  somewhat 
crushed  or  sheared  and  hence  easily  removed.  Of  course  the  streams  of 
water  in  crossing  the  section  of  coimtry  where  these  breaks  or  faults 
occur,  and  especially  where  the  crushed  or  sheared  side  of  the  break 
is  the  lower  side  on  a  sloping  surface,  remove  this  lower  side  more  lap- 
idly  than  the  upper  and  thus  form  a  cascade  from  the  higher  to  the 
lower  level  as  seen  at  1  in  fig.  11.  It  is  in  that  way  that  some  of  the 
beautiful  falls  of  the  southern  Appalachian  mountain  region  have  been 
produced.  Other  cascades  and  shoals  are  developed  under  the  follow- 
ing conditions: 

2.  In  portions  of  the  granitic  area  there  are  lines  of  structural  weak- 
ness where,  under  great  strain  or  pressure,  the  materials  of  which  the 
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rock  is  composed  give  way  and  are  flattened  out  by  a  process  known 
as  shearing,  so  as  to  give  there  a  rather  gneissic  or  schistose  structure, 
as  at  2  in  fig.  11.  The  rock  in  this  condition  is  often  more  rapidly 
attacked  by  the  weathering  and  eroding  forces  of  the  atmosphere,  and, 
consequently,  as  the  streams  cross  the  surface  of  the  country  where  such 
conditions  exist,  they  carve  out  their  channels  more  rapidly,  thus  pro- 
ducing shoals  or  rapids,  and,  in  extreme  cases,  cascades  or  falls. 

3.  Conditions  somewhat  similar  to  the  above  and  favorable  to  the  forma- 
tion of  shoals  and  rapids  in  stream's  are  sometimes  found  along  the  line 
of  contact  between  areas  of  gi'anites  and  gneisses,  as  at  3  in  fig.  11; 
and  again  in  gneissic  areas  in  places  the  rocks  are  harder  and  more 
obdurate,  as  indicated  by  heavier  shading  at  4  in  fig.  11;  and  in  the 
beds  of  streams  crossing  such  areas  the  rocks  wear  away  irregularly,  the 
harder  portions  standing  up  as  projections  while  the  intervening  softer 
materials  are  hollowed  out.     In  this  way  we  have  produced  a  succes- 


Fio.  11. — Conditions  favoring  the  development  of  cascades  and  rapids  in  river  chan- 
nels crossing  areas  of  granitic  and  gneissic  rocli. 

(7r=Granite.  1  =  Fault  or  brealv  in  the  roclv,  the  right  side  havlnar  moved  down  or  the 
left  side  moved  up.  2=  A  schistose  zone  In  the  granite  resulting  from  the  shearing 
or  movement  of  the  rock  along  a  line  of  weakness.  (r/«=(7neiss,  in  which  there  are 
alternately  harder  and  softer  portions,  the  harder  and  more  obdurate  places  being  more 
heavily  shaded  (as  at  4).  5=  Dike  of  diabase  or  other  material  harder  and  more  obdu- 
rate than  the  gneiss,  and  hence  producing  a  cascade  or  rapid  In  the  stream  channel. 

sion  of  shoals,  a  few  hundred  yards  or  several  miles  apart;  and  between 
these  are  to  be  found  the  quiet  reaches  of  the  streams  where  the  cur- 
rent moves  along  more  smoothly  and  quietly. 

4.  Another  structural  feature  in  granitic  and  gneissic  areas,  and  also 
in  slaty  and  sandstone  areas,  which  occasionally  results  in  the  produc- 
tion of  the  shoals  and  rapids,  is  the  occurrence  of  dikes,  where  cracks 
in  the  earth's  crust  have  been  subsequently  filled  with  various  materials 
in  a  plastic  and  usually  a  molten  condition  and  which  materials  have 
subsequently  hardened.  If  the  material  of  the  dike  is  softer  than  that 
of  the  granite  or  gneissic  rock  on  one  or  both  sides  of  it,  then  there  will 
be  a  drop  in  the  course  of  the  stream  from  the  adjoining  rock  of  the 
wall  down  on  to  the  softer  dike  surface,  as  is  shown  at  2  in  fig.  11.     If 
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on  the  other' hand  tlie  material  constituting  the  dike  is  harder  and  more 
durable  than  the  materials  on  each  side  of  it,  the  country  rock  on  the 
lower  side  of  the  dike,  on  account  of  its  being  softer  and  less  durable 
than  that  composing  the  dike  itself,  will  wear  away  more  rapidly  than 
the  material  of  the  dike,  and  consequently  the  water  will  drop  from  the 
dike  surface  on  the  country  rock  below  it,  as  indicated  at  6  in  fig.  11 
above.  The  occurrence  of  the  belt  of  eruptive  rocks  between  the  two 
belts  of  slate,  as  shown  in  fig.  10  (p.  71),  may  be  considered  as  analogous 
to  this  last-mentioned  case.  On  Deep  river  near  Gulf  (p.  162)  and  on 
New  Hope  creek,  a  tributary  of  Haw  river,  are  to  be  found  illustrations 
of  the  development  of  waterpower  being  favored  by  the  occurrence  of 
diabase  dikes  in  the  Jura-trias  sandstone  crossing  the  channel  of  the 
stream. 

AT  GEOLOGIC  CONTACTS. THE  FALL  LINE. 

The  conditions  described  above  apply  more  specifically  to  variations 
in  the  character  of  the  rock  within  the  limits  of  individual  geologic 
formations,  but  the  descriptions  are  applicable  also  to  conditions  exist- 
ing where  the  stream  crosses  from  one  formation  to  another,  the  rocks 
of  which  are  softer  and  less  obdurate,  and  hence  more  easily  washed 
away.  Such  a  case  as  the  last  mentioned  is  to  be  found  well  developed 
at  the  fall  line  along  the  border  between  the  Piedmont  plateau  and 
coastal  plain  regions. 


Fig.  12. — Conditions  favorlui^  the  development  of  cascades  and  rapids  in  stream  beds 
crossinir  ireolo^ic  contacts. 

(/r=(iT&n\ie  and  g^neiss.  /j<:-A  =  Crystalline  schists,  in  which  the  harder  places  (shaded 
more  heavily)  wear  away  less  rapidly  than  the  interveninif  softer  places.  The  result  is 
a  series  of  cascades  and  rapids  in  the  stream.  P=Coastal  plain  deposits — gravel,  sand 
and  loam. 

THE  WELDON  SECTION  ON  THE  ROANOKE. 

Figure  12  may  be  considered  as  illustrating  fairly  well  a  generalized 
section  across  the  fall  line  where  crossed  by  the  Roanoke  river  at  Wel- 
don.  The  crystalline  schists  exposed  along  the  river  bed  between 
Gaston  and  Weldon  (G  and  W  of  fig.  12)  are  much  harder  and  more 
obdurate  than  the  unconsolidated  coastal  plain  deposits  below,  and  even 
harder  than  the  granitic  and  gneissic  rocks  above  it;  and  hence  the 
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latter  rocks  have  been  eroded  to  greater  depths,  and  at  the  line  of  junc- 
tion between  the  two  (1  in  fig.  12)  the  schists  form  a  sort  of  barrier  or 
natural  dam,  for  many  miles  above  which  the  river  is  deep  and  the 
current  sluggish.  But  from  this  point  down  to  Weldon  the  schists 
vary  in  hardness,  and  are  intersected  by  joints,  seams,  fissures  and  prob- 
ably several  faults;  this  succession  of  variations  giving  rise  to  a  succes- 
sion of  rapids  and  shoals,  with  an  aggregate  fall  of  85  feet  in  a  distance 
of  9  miles.  For  this  distance  the  river  flows  through  a  deep  and  open 
gorge  flanked  by  hills  which,  near  Gaston  and  a  short  distance  westward, 
are  capped  with  unconsolidated  gravels,  presumably  of  Potomac  age, 
and  bordered  by  terraces  of  more  recent  age,  probably  postrtertiary 
(Columbia).  In  the  neighborhood  of  Weldon  and  eastward  the  rocky 
hills  give  places  to  the  terraces  and  plains  of  the  coastal  region,  com- 
posed of  gravels,  sand,  loams  and  clays,  varying  in  age  from  Potomac 
at  the  bottom  to  Columbia  at  the  top. 

During  recent  geologic  times  the  condition  of  this  region  has  been 
unstable.  During  certain  periods,  as  at  the  present  time,  the  surface 
of  the  country  has  been  lifted  to  a  considerable  elevation  above  sea-level 
and  the  river  has  gone  on  carving  deeper  its  rocky  channel ;  while  during 
intervening  periods  the  surface  was  lowered  until  the  sea  advanced  to 
and  even  above  Weldon,  and  the  river  gorge  would  then  be  filled  with 
gravels  and  sands  and  loams  brought  down  from  the  Piedmont  plateau, 
distributed  and  deposited  in  the  great  tidal  estuary,  to  be  wholly  or 
partially  washed  out  of  the  channel  at  each  successive  elevation.  The 
tongue  of  coastal  plain  deposit,  shown  as  P  in  fig.  12,  is  an  unremoved 
remnant  of  probably  recent  filling,  the  bottom  of  the  river  at  this  point 
being  now  too  near  tide  level  to  permit  of  further  removal  of  this 
material  from  the  submerged  eastward  sloping  surface  of  the  old  crys- 
talline schists.  There  are  also  many  reasons  for  believing  that  another 
of  the  results  of  the  unstable  condition  of  this  region  has  been  the 
decided  eastward  tilting  of  the  irregularly  eroded  surface  of  these 
old  crystalline  rooks  upon  which  the  coastal  plain  loams  and  gravels 
were  subsequently  deposited. 

GEOLOGIC  CONDITIONS  FAVORING  WATERPOWER  DEVELOPMENT  AT  THE  FALL  LINE. 

(1).  The  eastward  tilting  of  the  surface  of  these  older  crystalline 
rocks,  and  (2)  the  partial  removal  of  the  loose  and  easily  eroded  loams 
and  gravels  from  the  channel  on  the  eastern  slope  of  these  rocks,  have 
given  this  resulting  descent  in  the  river  surface  at  the  fall  line,  which, 
in  the  Eoanoke  at  Weldon,  aggregates  85  feet  in  9  miles.  (3)  The 
variation  in  the  character  of  the  rock,  being  harder  and  more  obdurate 
at  certain  points,  and  softer,  more  jointed,  more  crushed,  and  hence 
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more  easily  eroded  in  the  intervening  areas,  results  in  concentrating 
this  fall  of  the  stream  at  certain  places;  and  (4)  the  existence  of  terraces 
along  the  river  banks  facilitates  the  construction  of  canals  which  still 
further  concentrate  the  fall  of  the  water.  These  are  the  more  important 
geologic  conditions  that  favor  the  development  of  important  water^ 
powers  on  the  Roanoke  at  the  fall  line  in  the  Weldon  region. 

Other  striking  cases  illustrating  the  conditions  favoring  waterpower 
development  on  streams  crossing  geological  contacts  will  be  found  men- 
tioned on  pp.  116  and  132  of  this  report. 

GEOLOGIC  CONDITIONS  AFFECTING  THE  FLOW  OF  STREAMS. 

The  yearly  discharge  of  a  stream  depends  primarily  on  the  amount 
of  rainfall  in  the  region  from  which  the  stream  draws  its  supply,  but 
in  a  measure  this  volume,  and  especially  the  uniformity  of  flow,  are 
largely  influenced  by  the  slope  of  the  surface,  the  depth  and  porosity  of 
the  soil,  and  the  character  of  the  imderlying  rock.  In  connection  with 
this  study  of  the  geologic  conditions  influencing  the  possibilities  of 
waterpower  development,  it  should  be  noted  that  the  occurrence  of 
lakes,  swamps  or  marshes  and  poorly-drained  level  areas,  deep  and 
porous  soils,  such  as  the  sandy  and  gravelly  soils  from  10  to  100  feet 
deep,  which  occur  in  the  larger  part  of  the  Piedmont  plateau  and 
mountain  regions  of  the  Carolinas,  the  great  sand  hills  of  the  coastal 
plain  region,  and  the  porous  sands  and  gravels  of  the  glaciated  regions 
of  the  Northern  states,  all  facilitate  the  uniformity  of  the  flow  of  the 
streams  in  these  several  regions;  and  in  some  regions  the  jointed,  fis- 
sured and  crushed  condition  of  the  underlying  rock  exerts  a  favorable 
influence  in  the  same  direction.     (See  also  pp.  138-140;  192.) 

BISTBIBUTION  OF  WATI3rP0WEB  XN  NOBTH  GABOLINA. 

The  two  conditions  essential  to  the  development  of  a  waterpower  of 
any  considerable  magnitude  are  a  large  and  fairly  constant  stream  of 
water  and  a  suitable  amount  of  fall  within  a  reasonable  distance.  In 
the  eastern  counties  of  North  Carolina  we  have  numerous  large  streams 
of  water,  but,  except  along  the  western  border  of  the  region,  as  a  rule 
they  have  sluggish  currents  and  are  lacking  in  the  necessary  fall.  In 
the  mountain  counties  the  streams  are  small,  but  the  fall  available  in 
many  cases  is  sufficiently  great  to  make  possible  waterpowers  of  consid- 
erable magnitude.  It  is  in  the  midland  counties,  however,  that  we 
find  the  most  satisfactory  combination  of  the  two  essential  conditions, 
viz.  volume  of  water  and  fall;  and  hence  it  is  in  these  counties  that  we 
may  expect  the  largest  waterpower  developments  and  the  greatest  and 
most  substantial  development  of  manufacturing  enterprises. 
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In  the  following  chapters  of  this  report  will  be  found  descriptions  of 
the  several  rivers  occurring  in  North  Carolina  and  the  more  important 
waterpowers  on  each,  both  those  already  developed  and  those  still  unim- 
proved. It  is  intended  in  the  present  chapter  to  discuss  briefly  the  dis- 
tribution of  these  waterpowers  in  their  relation  to  the  geologic  features, 
and  the  accompanying  map  (fig.  13,  p.  78),  together  with  the  illus- 
trations and  descriptions  found  in  pages  68  to  76,  will  prove  of  service 
in  this  connection.  The  larger  map  (Plate  I,  frontispiece)  will  also  be 
of  service  in  showing  the  general  distribution  of  waterpower  in  the  state. 

WATERPOWEB  IN  THE  COASTAL  PLAIN  REGION. 

Along  the  western  border  of  the  coastal  plain  region  there  are  a  num- 
ber of  important  waterpowers,  like  those  at  Weldon  on  the  Koanoke, 
Kocky  Mount  on  the  Tar,  and  those  on  the  Cape  Fear  as  far  east  as 
Averasboro.  These,  though  they  lie  within  the  limits  of  this  region, 
yet  structurally  do  not  belong  to  it,  and  can  best  be  considered  under 
the  next  heading  below,  in  which  will  be  discussed  the  waterpowers 
which  belong  rather  to  the  border  zone  between  the  coastal  plain  and 
the  Piedmont  plateau  regions,  and  which  can  perhaps  be  best  desig- 
nated as  the  fall-line  zone. 

With  the  exception  of  the  waterpowers  just  referred  to,  it  may  be 
said  of  the  coastal  plain  region,  as  a  whole,  that  its  waterpowers  are  of 
no  great  importance.  The  water  supply  is  ample  but  the  fall  is  lack- 
ing. And  yet  there  exist  at  many  different  points  in  this  region  con- 
ditions which  are  favorable  to  the  development  of  waterpowers  which, 
though  small,  have  considerable  local  value..  Until  a  comparatively 
recent  date,  practically  all  of  the  grist-mills  in  this  section  were  oper- 
ated by  small  waterpowers,  and  a  considerable  number  of  these  grist- 
mills are  still  in  operation.  But  such  waterpowers  were  confined  to  the 
smaller  streams,  and  in  many  cases  the  development  of  power  consisted 
simply  in  the  construction  of  a  dam  across  the  deep,  narrow  channel  of 
the  stream  without  the  existence  of  a  natural  shoal,  and  the  amount  of 
fall  was  simply  the  height  of  the  dam. 

One  not  uncommon  type  of  waterpower  developed  in  this  region  is 
illustrated  by  fig.  8  (p.  69).  In  many  cases,  however,  the  harder 
and  more  obdurate  strata  which  caused  the  fall  in  the  water  to  be  con- 
centrated at  one  or  more  points,  instead  of  being  composed  of  compact 
and  finely  laminated  beds  of  clay,  as  shown  in  the  illustration  just 
referred  to,  are  composed  either  of  more  massive  beds  of  clay  or  of  beds 
of  sand,  the  particles  of  which  are  cemented  together  by  clay  or  iron  or 
both. 
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The  most  striking  feature  about  the  waterpowers  developed  on  the 
majority  of  these  smaller  streams  is  the  slight  extent  to  which  the  vol- 
ume of  water  is  aflfected  either  by  the  rains  or  the  dry  seasons.  The 
most  widely  known  illustrations  of  this  condition  are  Kockfish  creek  in 
Cumberland  county,  and  Hitchcocks  creek  in  Richmond  county,  both  of 
which  are  described  somewhat  fully  further  on  in  this  report  (pp.  138 
and  190),  and  the  explanation  there  suggested  of  this  phenomenon  is 
undoubtedly  the  correct  one,  that  the  deep,  porous  sands  of  the  region 
serve  as  a  sponge  in  soaking  up  the  rains  as  they  fall,  turning  loose  this 
water  gradually  during  the  dry  season  through  the  numerous  springs  in 
the  region. 

In  the  case  of  many  other  of  the  small  powers  in  this  region,  as  that 
on  Colly  creek  in  Bladen  county  (described  on  page  138)  and  others  in 
the  different  eastern  counties,  the  uniformity  of  the  flow  throughout 
the  year  is  favored  by  the  further  condition  that  the  tributaries  of  these 
streams  pass  through  extensive  swamp  areas  which  also  serve  to  store 
the  water  during  wet  weather. 

WATEBPOWEB  IN  THE   FALL-LINE    ZONE. 

Reference  has  already  been  made  (p.  74)  to  the  existence  along  what 
is  called  the  "  fall  line  "  of  conditions  favorable  for  the  development 
of  watei-powers  of  considerable  magnitude  on  our  larger  streams.  It 
has  also  been  suggested  (p.  21)  that  since  the  exact  position  of  this  fall 
line  is  not  clearly  defined,  and  as  the  conditions  favoring  waterpower 
development  extend  across  a  considerable  belt  or  zone  where  this  line 
is  crossed  by  the  larger  streams,  it  is  better  in  this  connection  to  consider 
together  these  conditions  as  they  exist  at  and  for  a  few  miles  on  both 
sides  of  this  boimdary  line  between  the  coastal  plain  and  the  Piedmont 
plateau  regions. 

ON  THE  ROANOKE  RIVER. 

The  conditions  favoring  waterpower  development  on  the  Roanoke 
river  in  this  zone,  which  at  this  point  has  a  width  of  about  9  miles, 
extending  up  the  river  from  Weldon,  have  been  described  and  illus- 
trated briefly  above  (p.  74).  Waterpower  developments  now  in  pro- 
gress there  are  described  in  the  next  chapter  (pp.  94-9«;. 

ON  THE  TAR  RIVER. 

On  the  Tar  river  there  is  but  one  large  waterpower,  that  at  Rocky 
Mount,  which  may  be  considered  as  being  at  the  eastern  margin  of  this 
zone  and  some  20  miles  eastward  of  the  western  border  of  the  coastal 
plain  region.     As  described  on  page  115,  the  Tar  rises  nearly   100 
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miles  to  the  northwest  of  this  point  and  crosses  successively  several 
granitic,  schistose  and  slaty  belts  of  rock,  but  owing  to  the  slight  eleva- 
tion of  this  upper  part  of  its  basin  above  that  of  the  coastal  plain,  the 
long  period  during  which  the  rocks  of  this  upper  basin  have  been 
undergoing  surface  decay,  and  the  long  period  during  which  this  stream, 
with  no  great  volume  of  water,  has  been  slowly  carving  out  its  channel, 
its  freedom  at  the  present  time  from  conditions  favorable  to  waters 
power  is  easily  understood.  At  Louisburg  there  is  a  fall  of  several  feet 
owing  to  a  change  in  the  character  of  the  granitic  rocks.  Thence  south- 
eastward, for  a  distance  of  more  than  15  miles,  it  crosses  the  granitic 
area  with  the  conditions  of  rock  so  uniform  as  to  yield  no  cascades 
or  shoals  of  importance.  It  then  enters  the  coastal  plain  region  and 
continues  for  another  15  miles  in  a  southeasterly  course  across  the  up- 
turned edges  of  the  crystalline  schists,  from  the  surface  of  which,  in  the 
channel  of  the  stream,  the  (younger)  loose  loams  and  gravels  have  been 
carried  away.  In  this  distance  there  are  two  small  shoals  which  have 
been  developed  for  grist-mills,  but  the  rocks  are  too  soft  and  the  channel 
already  eroded  too  deeply  and  uniformly  to  leave  at  individual  points 
any  large  amount  of  fall.  The  river  then  turns  northeastward,  and  for 
a  distance  of  some  miles  follows  the  course  of  these  crystalline  schists 
instead  of  cutting  across  them.  Just  at  Rocky  Mount  it  turns  east- 
ward and  crosses  a  ledge  of  hard  granitic  rock,  on  the  eastetn  slopes  of 
which  there  is  a  natural  fall  of  about  15  feet  in  the  course  of  100  yards. 
It  is  on  the  top  of  this  granitic  ledge  that  the  dam  has  been  built  which 
serves  for  the  full  development  of  this  waterpower  for  operating  the 
Rocky  Mount  cotton-mill. 

ON  THE  NEUSE  RIVER. 

On  the  Neuse  river,  as  on  the  Tar,  there  is  rather  a  remarkable 
absence  of  conditions  favorable  to  the  development  of  large  water- 
powers.  Of  the  two  powers  described  in  the  succeeding  pages  of  this 
report  (pp.  121-124),  both  lie  within  the  granite  area,  one  to  the  north 
and  the  other  to  the  east  of  Raleigh,  and  are  due  to  local  changes  in 
the  character  of  the  granitic  rock.  At  ordinary  low  water  the  slaty 
rocks  are  exposed  in  the  river  bed  at  Smithfield  some  30  miles  south- 
east of  Raleigh,  and  the  river  has  a  slight  descent  at  this  point  but  not 
sufficient  to  be  favorable  for  waterpower  developments.     • 

ON  THE  CAPE  FEAR  RiVtR. 

The  fall-line  zone  on  the  Cape  Fear  river  may  be  said  to  begin  where 
this  river  is  formed  by  the  junction  of  the  Deep  and  Haw  rivers,  and 
to  extend  from  that  point  to  a  short  distance  below  Smileys  falls,  near 
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Averasboro.  In  this  distance  of  about  35  miles  there  is  a  succession 
of  shoals  beginning  just  above  with  Buckhorn  falls,  9  miles  below  the 
junction  of  the  two  rivers,  where  there  is  a  fall  of  20  feet  in  a  dis- 
tance of  one  and  one-half  miles,  while  the  lowest  of  the  prominent 
shoals,  "  Smileys  falls,"  30  miles  below  the  junction,  has  a  fall  of  27 
feet  in  a  distance  of  three  and  one-half  miles.  The  total  fall  from  the 
junction  of  the  two  rivers  to  just  below  Smileys  falls  is  about  100  feet. 
Within  17  miles  below  Smileys  falls,  by  river,  there  are  at  least  three 
different  shoals,  the  last  of  which  is  only  8  miles  above  Fayetteville; 
but  none  of  them  are  of  any  importance,  and  they  need  hardly  be  con- 
sidered in  this  connection,  for  the  reason  that  in  this  distance  the  river 
runs  in  a  nearly  southwesterly  course,  parallel  to  the  fall  line.  All  of 
the  more  important  of  these  shoals  are  described  briefly  in  a  succeeding 
chapter  (pp.  132  to  137). 

The  outlying  gravels  of  the  coastal  plain  deposits  are  to  be  found 
on  the  hills  two  miles  to  the  west  of  the  junction  of  the  Haw  and  Deep 
rivers,  so  that  all  the  shoals  just  mentioned  lie  within  this  region,  and 
the  sands  and  loams  and  gravels  characteristic  of  the  border  deposits  are 
exposed  here  and  there  in  the  river  bluffs,  though  in  the  river  channel 
these  have  been  removed  and  the  waters  rush  along  over  the  upturned 
and  irregularly  eroded  edges  of  granites  and  crystalline  schists.  Within 
a  few  miles  above  the  junction  of  the  Haw  and  Deep  rivers  both  of 
these  streams  pass  from  the  slates  of  the  Piedmont  plateau  region  to 
and  across  a  narrow  strip  of  Jura-trias  sandstone,  which  latter  is  made 
np  of  materials  far  more  easily  eroded  than  the  slates,  and  as  might  be 
expected  there  are  shoals  on  both  streams  at  this  junction.  The  rivers 
join  within  this  sandstone  area,  and  for  a  few  miles  below  the  junction 
the  Cape  Fear  is  a  sluggish  stream. 

ON  THE  YAOKIN-PEE  DEE  RIVER. 

On  the  Yadkin-Pee  Dee  river  a  condition  of  things  exists  somewhat 
similar  to  that  on  the  Cape  Fear  just  mentioned.  The  course  of  the 
Yadkin  river  as  it  crosses  the  slates,  for  some  15  miles  above  its  junc- 
tion with  the  Uharie,  has  been  already  briefly  described  (p.  71);  and 
the  numerous  shoals  on  the  river  throughout  its  entire  length  are  de- 
scribed in  a  following  chapter  (p.  172).  Below  its  junction  with  the 
Uharie  the  river  flows  for  a  distance  of  some  20  miles  in  a  southerly 
course  obliquely  across  and  in  places  paralleling  the  upturned  edges 
of  the  argillaceous  slates.  In  this  distance  there  are  only  two  prom- 
inent shoals,  but  neither  of  great  importance  as  compared  with  those  at 
the  narrows  above.  Thc^e  are  S\rift  Island  shoal,  42  to  44^  miles  above 
the  state  line,  which  has  a  fall  of  18  feet  in  2^  miles;  and  Gunsmith 
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shoal,  13  miles  further' up  the  river,  with  a  fall  of  9^  feet  in  half  a 
mile.  Further  down,  the  river  flows  easterly  as  a  somewhat  sluggish 
stream  across  a  few  miles  of  red  sandstone  rocks,  similar  to  those  crossed 
by  the  Cape  Fear  at  the  junction  of  its  two  tributary  streams.  It  then 
enters  the  coastal  plain  region,  near  where  it  is  joined  by  Little  river 
and  follows  a  southerly  course  to  Cheraw,  35  miles  below.  Through- 
out this  distance  there  is  a  succession  of  shoals  due  to  the  fact  that  the 
river  crosses  the  upturned  and  irregularly  eroded  edges  of  alternate 
beds  of  slaty  and  granitic  rocks.  The  two  most  important  of  these  shoals 
are  Bluitts  "  falls,"  12  miles  above  the  state  line,  with  a  fall  of  9  feet 
in  a  distance  of  1000  feet,  and  Grassy  Island  shoal,  13  to  17^  miles  above 
the  state  line,  with  a  fall  of  36  feet  at  a  distance  of  4|  miles. 

The  river  crosses  the  lower  limit  of  the  fall-line  zone  a  little  above 
Cheraw.  The  shoals  in  the  river  at  that  point  and  for  some  distance 
above  are  not  large,  but  they  are  sufiicient  to  mark  the  passage  of  the 
river  from  its  characteristics  in  the  Piedmont  plateau  region  to  its 
typical  coastal  plain  condition,  that  of  a  sluggish  stream. 

WATEBPOWEK    I^   THE    SLATE    BELTS. 

The  origin  and  nature  of  the  shoals  and  rapids  favorable  for  the  devel- 
opment of  waterpower  in  slaty  and  schistose  areas  have  already  been 
briefly  described  above  (p.  70).  The  general  distribution  of  these  slate 
belts  in  Xorth  Carolina  is  shown  on  the  accompanying  small  map 
fp.  78).  The  possibility  of  waterpower  development  on  the  Haw,  Deep 
and  Yadkin,  as  they  cross  the  central  and  most  extensive  of  these  slate 
belts  in  Alamance,  Kandolph,  Davidson,  Stanly  and  Montgomery  coun- 
ties, is  greater  than  on  any  other  portion  of  these  rivers. 

ON  THE  HAW  AND  DEEP  RIVERS. 

Both  the  Haw  and  Deep  rivers  rise  in  the  granitic  and  gneissic  area, 
the  former  to  the  northwest  and  the  latter  to  the  southwest  of  Greens- 
boro, and  are  sufliciently  large  in  vohmie  to  be  available  for  small 
powers  by  the  time  they  reach  the  western  border  of  the  slate  belt. 
Throughout  their  course  of  about  50  miles  across  it  each  river  is  a  suc- 
cession of  shoals  or  rapids,  many  of  which  have  already  been  developed, 
while  a  number  of  others  are  capable  of  being  developed  on  a  consid- 
erable scale.  The  slates  and  schists  of  this  region  have  a  general  north- 
easterly course,  and,  as  a  rule,  dip  steeply  toward  the  northwest,  so  that 
these  streams  with  a  southeasterly  course  have  cut  their  beds  directly 
across  the  upturned  edges  of  the  slates,  which  vary  in  hardness  and 
obduracy  from  point  to  point,  the  harder  sheets  projecting  upward  as 
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ledges,  and  the  intervening  softer  sheets  being  washed  out  as  depressions, 
which  thus  give  rise  to  the  shoals  and  rapids,  elsewhere  described  in  this 
report  (pp.  146  and  159). 

Deep  river  in  the  neighborhood  of  Carbonton  leaves  the  slates  and 
enters  the  red  sandstone  b^sin,  and  for  a  considerable  distance  flows  in 
this  latter  material  as  a  deep,  sluggish  stream.  At  one  or  two  places^ 
however,  extensive  trap  dikes  lie  across  the  bed  of  the  stream  and  have 
resulted  in  the  development  of  small  waterpowers.  About  one  mile 
above  Lockville  the  river  leaves  the  sandstones  and  crosses  a  narrow 
neck  of  slates  and  again  passing  from  this  slate  to  the  sandstone  to  the 
eastward  a  considerable  fall  is  produced,  and  an  excellent  power  has 
been  developed  at  Lockville  (p.  159). 

ON  THE  YADKIN  RIVER. 

The  Yadkin  river  strikes  the  slate  belt  some  12  or  15  miles  below  the 
Southern  railroad  crossing  near  Salisbury,  and  for  a  distance  of  20 
miles  below  this  point  the  geologic  conditions  in  this  slate  have  resulted 
in  a  succession  of  shoals  and  rapids  which  promise  to  be  of  great  value 
in  connection  with  the  development  of  manufacturing  enterprises.  These 
conditions  have  been  described  briefly  above  (p.  71)  and  the  extent 
and  character  of  the  shoals  are  described  at  considerable  length  further 
on  in  this  report  (pp.  176  to  184).  From  the  mouth  of  the  Uharie  to  the 
mouth  of  Kocky  river,  a  distance  of  some  15  miles,  the  river  follows  a 
general  southerly  course,  crossing  the  slates  so  obliquely,  and  in  the 
region  where  the  character  of  the  slates  is  so  nearly  uniform,  that  but 
few  shoals  are  produced  and  these  of  no  great  magnitude  as  compared 
with  thase  above  the  Uharie. 

On  another  small  stream,  the  south  fork  of  the  Catawba,  which 
crosses  the  slate  areas  in  Lincoln  and  Gaston  counties,  the  influence  of 
the  slaty  structure  in  the  development  of  waterpowers  is  shown  in  a 
marked  degree.  On  this  small  stream  from  Lincolnton  to  where  it 
joins  the  Catawba  river  at  the  state  line,  a  distance  of  something  more 
than  25  miles,  there  is  a  succession  of  shoals  not  unlike  those  existing 
on  the  Haw  and  Dcn^p  rivers  as  described  above.  On  not  less  than  a 
half-dozen  of  these  shoals  cotton-mills  have  been  built  and  are  being 
operated. 

WATERPOWER    IN   THE    GRANITIC    AND   GNEISSIC    AREAS. 

The  larger  granitic  and  gneissic  areas  occupy  the  region  from  the 
western  border  of  the  slate  belt  just  mentioned  westward  to  the  foot  of 
the  Blue  Ridge,  the  typical  Piedmont  plateau  section  of  the  state. 
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ON  THE  DAN,  MAYO  AND  SMITH  RIVERS. 

In  the  northern  portion  of  this  area  we  find  a  condition  of  things 
extending  from  the  southern  boundary  of  Stokes  county  to  the  northern 
boundary  of  Rockinghani  county,  which  illustrates  in  a  rather  strikin<r 
way  the  influence  of  geologic  structure  in  the  production  of  water- 
power.  Within  the  limits  mentioned  the  Dan  river  flows  through  a 
narrow  Jura-triassic  area  composed  of  sandstones  and  shales,  and  owing 
to  the  fact  that  this  material  is  much  more  easily  eroded,  the  surface 
of  the  country  occupied  by  it  has  been  reduced  to  a  level  from  one  to 
two  hundred  feet  below  the  contiguous  areas  of  gneissic  rock.  The 
main  tributary  of  the  Dan  river  rises  in  Patrick  county,  Virginia,  and 
flows  in  a  general  southeasterly  course  across  the  elevated  and  hilly 
surface  of  Stokes  county,  and  across  the  strike  of  the  gneissic  rock  which 
enters  most  largely  into  the  geologic  formation  of  the  region.  Near 
the  southeast  comer  of  Stokes  county  it  enters  the  sandstone  depression 
mentioned  above,  and  takes  a  northeasterly  course.  In  crossing  the 
county  the  waters  of  this  stream  descend  several  hundred  feet  and  the 
•changes  in  the  character  of  the  rocks  along  its  course  have  resulted  in 
•concentrating  this  fall  at  a  number  of  points.  Two  or  more  of  these 
shoals  occur  in  the  gneissic  area  near  the  border  of  the  sandstone  de- 
pression mentioned  above,  where  the  river  makes  its  final  descent  from 
the  elevated  area  of  harder  rocks  into  this  basin.  A  similar  condition 
of  things  exists  on  the  Mayo  and  Smith  rivers  in  Rockingham  county, 
which,  like  the  upper  part  of  the  Dan  river,  rise  in  Virginia,  flow  across 
the  plateau  of  harder  gneissic  rocks  in  a  southeasterly  course  and  join 
Dan  river  in  Rockingham  county  as  it  flows  along  this  sandstone  depres- 
sion. The  waterpowers  developed  on  these  two  streams  at  Mayodan 
and  Spray  (pp.  Ill  and  109)  have  their  origin  in  the  sudden  descent  of 
these  streams  from  the  more  elevated  surface  of  the  harder  rocks  into 
the  sandstone  basin  at  these  points. 

ON  THE  SOUTH  FORK  OF  CATAWBA  AND  LINVILLE  RIVERS. 

Two  other  streams  occurring  in  this  general  region  may  be  mentioned 
here  as  of  special  interest  though,  like  those  just  mentioned,  not  typical 
of  conditions  developed  in  gneissic  and  granitic  areas.  One  of  these, 
the  south  fork  of  the  Catawba,  which  from  Lincolnton  to  the  mouth 
of  the  river  crosses  mainl}'-  rocks  of  a  slaty  and  schistose  character  and 
nearly  at  right  angles  to  their  strike,  has  been  brieflv  described  already 
(p.  83). 

The  other,  the  Linville  river,  rises  on  the  northwest  slo^e  of  ths 
Grandfather  mountain  and  for  a  distimce  of  more  than  ten  miles  flow-> 
in  a  southerly  course  just  west  of  the  crest  of  the  Blue  Ridge,  which  it 
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crosses  on  the  boundary  line  between  Caldwell  and  Mitchell  counties, 
and  from  this  point  for  more  than  16  miles  it  flows  southward  as  a  suc- 
cession of  falls,  cascades  and  rapids,  cutting  its  way  through  the  Lin- 
ville  quartzites,  which  cap  the  Blue  Ridge  in  this  region,  into  the  under- 
lying typical  gneisses.  In  this  distance  of  15  miles  the  descent  of  the 
river  averages  nearly  100  feet  to  the  mile.  The  Linville  joins  the 
Catawba  river  in  the  gneissic  area  some  10  miles  west  of  Morganton 
(p.  220). 

ON  THE  YADKIN  AND  CATAWBA  RIVERS. 

The  conditions  favoring  the  development  of  waterpowers  in  granitic 
and  gneissic  areas  have  been  described  briefly  above  (p.  72),  and  the 
cascades  and  shoals  and  rapids  on  the  Yadkin  and  Catawba,  as  well 
as  on  the  tributaries  of  the  Broad,  will  genernlly  be  found  to  have  their 
origin  in  local  changes  in  the  character  of  die  rock,  in  one  or  another 
of  the  ways  there  suggested.  All  of  the  conditions  there  described  are 
to  be  found  illustrated  at  intervals  in  this  region. 

As  will  be  seen  from  the  maps  and  descriptions  given  in  a  subsequent 
chapter,  the  shoals  on  the  upper  Yadkin,  which  lie  within  the  area  now 
under  consideration,  are  less  numerous  than  those  on  the  same  stream 
in  its  course  across  the  belt  of  slate  and  schist  already  described.  And 
inasmuch  as  the  changes  in  the  character  of  the  rock  in  the  region  of 
the  upper  Yadkin  are  for  the  most  part  not  radical,  the  amount  of  the 
fall  at  each  of  the  shoals  is  less  great  than  in  the  slate  belt.  This  fact, 
together  with  the  diminishing  volume  of  water  as  we  ascend  the  stream, 
render  the  powers  on  the  upper  portions  of  this  stream  less  important. 

The  Catawba  river,  which,  like  the  Yadkin,  rises  along  the  crest 
and  eastern  slope  of  the  Blue  Ridge,  flows  nearly  a  hundred  miles  in  a 
northeasterly  course  and  then  turns  southward.  Its  course  in  North 
Carolina  lies  entirely  within  the  gneissic  and  granitic  area.  From  Mor- 
ganton eastward  for  a  distance  of  nearly  40  miles  the  river  either 
parallels  the  general  strike  of  the  rocks  or  crosses  it  obliquely.  The 
changes  in  the  character  of  these  rocks  are  not  numerous,  and  the  num- 
ber of  shoals  correspondingly  small,  though  several  of  them  are  of 
considerable  magnitude.  The  river  then  runs  in  a  southeasterly  and 
southerly  direction  for  a  distance  of  but  little  more  than  25  miles;  but 
in  this  distance  it  crosses  the  course  or  strike  of  the  rocks  at  right 
angles.  The  changes  in  the  character  of  the  rocks  are  numerous,  the 
rocks  even  being  schistose  and  slaty  in  places,  and  the  stream  is  literally 
a  succession  of  shoals,  the  aggregate  fall  being  not  less  than  175  feet. 
At  a  point  some  10  miles  south  of  Statesville,  as  will  be  seen  on  the 
small  map  (p.  78),  the  river  reaches  the  typical  granite  belt  of  this 
region  and  flows  thence  southward  for  a  distance  of  approximately  40 


86  GEOLOGIC    DISTRIBUTION   OF   WATBRPOWER. 

miles,  where  it  crosses  the  state  line  into  South  Carolina.  In  this  part 
of  its  course  the  rocks  of  the  region  are  again  more  nearly  uniform, 
and  though  there  are  several  shoaJs  of  importance,  as  those  at  Cowans 
ford.  Mountain  Island,  and  Tuckaseegee,  yet  the  number  of  these  shoals 
in  proportion  to  the  distance  is  much  smaller  than  in  the  25-mile  section 
next  above. 

ON  THE  TRIBUTARIES  OF  BROAD  RIVER. 

Among  the  tributaries  of  the  Broad  in  Cleveland  and  Rutherford 
counties,  the  streams  descend  rapidly  from  the  South  mountains  along 
the  upper  border  of  these  counties  down  to  the  general  plain  of  the 
Piedmont  plateau,  flowing  in  a  southerly  and  southeasterly  direction 
nearly  at  right  angles  to  the  general  strike  of  the  rock,  and  in  this  way 
encountering  the  greatest  number  of  changes  in  the  character  of  these 
rocks,  which  results  in  conditions  most  favorable  for  the  development 
of  waterpower.  Hence  it  is  that  we  have  in  this  region  a  large  number 
of  valuable  waterpowers,  some  half  dozen  of  which  are  already  operat- 
ing cotton-mills,  while  others  are  soon  to  be  utilized  in  the  same  way. 

CONDITIONS   IN  THE   SLATY  AND   GNEISSIC  AREAS   COMPARED. 

In  any  study  of  the  streams  and  waterpowers  of  the  Piedmont  plateau 
region  it  should  be  borne  in  mind  that  while  the  slaty  belts  present  more 
favorable  conditions  for  developing  waterpowers,  as  shown  in  the  case 
of  the  Yadkin  (p.  71)  and  the  other  streams  which  cross  the  several 
belts,  owing  to  the  fact  that  in  these  belts  the  sheets  of  rock  stand  more 
on  edge  and  vary  more  in  hardness  and  durability,  yet  the  streams 
which  draw  their  supplies  from  the  granitic  and  gneissic  areas  are  more 
imiform  in  their  flow  for  the  reason  that  while  the  rainfall  in  the  dif- 
ferent belts  is  approximately  the  same,  the  soils  in  the  granitic  and 
gneissic  areas  are  deeper  and  more  porous  and  serve  more  as  a  sponge  for 
storing  up  the  surplus  water  of  rainy  seasons  than  does  the  more  shallow 
and  compact  clayey  soils  resulting  from  the  decay  of  the  slates.  This 
is  one  of  the  principal  causes  why  the  flow  is  less  uniform  in  the  case 
of  the  Haw  and  Deep  rivers  (pp.  144  and  157),  which  lie  largely  in  the 
slaty  belt,  than  in  the  case  of  the  Yadkin  and  Catawba  (pp.  172  and  203) 
which  lie  almost  wholly  in  the  granitic  and  gneissic  areas. 

WATERPOWER  IN  THE  MOUNTAIN  REGION. 

A  glance  at  the  accompanying  small  geologic  map  (p.  78)  will  show 
that  the  larger  part  of  this  region  is  occupied  by  gneissic  rocks.  These 
have  for  the  most  part  a  characteristic  northeast  and  southwest  strike, 
and  the  irregular  sheets  of  rock  dip  beneath  the  surface  at  varying  but 
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generally  steep  angles.  The  southern  half  of  the  region  has  along  its 
western  border  an  irregular  belt  of  bedded  slate,  limestones,  quartzites 
and  conglomerates;  and  these  rocks,  which  make  up  the  bulk  of  the  Great 
Smoky  mountains,  have  a  general  northeasterly  strike  and  dip  at  steep 
and  varying  angles.  Xear  the  eastern  border  of  the  region  there  is 
another  but  more  narrow  and  irregular  belt  of  rock  of  a  somewhat 
similar  character,  following  approximately  the  general  position  of  the 
Blue  Kidge  mountains. 

The  general  physiographic  features  of  the  region  are  briefly  described 
on  a  preceding  page  (p.  25),  but  it  may  be  restated  here  that  the  rivers 
of  this  region  have  their  sources  mainly  along  the  western  slope  of  the 
Blue  Eidge,  and  that  with  the  exception  of  New  river,  near  the  northern 
boundary,  they  flow  in  a  general  northwesterly  direction  across  the 
upturned  edges  of  both  the  gneissic  and  the  more  recent  bedded  rocks. 
The  elevation  of  the  country  is  so  great  and  the  descent  of  the  streams 
so  rapid  that  the  general  courses  of  the  principal  rivers  have  been  but 
little  modified  by  geologic  structure,  though  their  courses  lie  directly 
across  the  strike  of  the  rock;  and  the  resulting  conditions  are  such  as 
to  produce  along  the  streams  occasional  rapids  and  cascades.  Especially 
would  this  be  the  case  in  the  western  counties,  where  the  Pigeon,  the 
Tuckaseegee,  the  Little  Tennessee  and  the  Hiwaseee  break  through  the 
Great  Smoky  mountains,  and  in  doing  so  cross  a  variety  of  limestone, 
quartzite  and  conglomerate  beds  which  go  to  make  up  the  geologic  for- 
mation of  that  area,  but  for  the  fact  that  during  the  long  period  of  time 
that  these  streams  have  occupied  their  present  channels,  owing  to  the 
rapidity  of  their  flow  and  the  large  quantities  of  abrading  materials, 
such  as  sand,  gravel  and  bowlders,  carried  down  in  their  currents,  thfe 
variations  in  the  obduracy  of  the  rocks  crossing  these  stream  beds  seldom 
result  in  cascades  of  large  proportions,  for  the  reason  that  the  would-be 
projecting  ledges  of  rock  across  the  stream  bed  are  kept  down  near  the 
general  level  by  these  eroding  agencies. 

A  number  of  the  smaller  tributary  streams  flow  in  either  a  south- 
westerly or  a  northeasterly  direction  along  the  line  of  the  strike  of  the 
rocks  and  thus  develop  the  conditions  favorable  for  waterpowers,  mainly 
where  they  vary  their  courses  and  cross  from  rock  of  one  character  to 
one  of  a  different  character.  In  the  extreme  northern  portion  of  the 
region  the  tributaries  of  New  river  rise  both  on  the  western  slopes  of 
the  Blue  Eidge  and  the  eastern  slopes  of  the  Iron  mountains,  and  flow 
in  a  general  northeasterly  or  northerly  direction,  sometimes  following 
the  line  of  the  strike,  and  sometimes  crossing  the  latter  at  sharp  angles. 
Along  New  river  and  its  tributaries  are  a  number  of  shoals  which  can  be 
developed  into  valuable  waterpowers,  occuning  mainly  at  points  where 
the  streams  cross  the  strike  of  the  gneissic  rock  of  the  region. 
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In  connection  with  the  development  of  these  waterpowers,  the  river 
gorges  are  so  narrow  and  the  streams  so  rapid  that  while  the  construc- 
tion of  large  dams  is  a  matter  attended  with  no  insurmountable  diffi- 
culties, yet  it  is  often  difficult  to  find  suitable  space  for  buildings,  and 
it  has  been  found  more  advisable  in  a  number  of  cases  to  construct  small 
dams  and  to  convey  the  water  from  these  in  open  ditches  or  flumes 
along  the  banks  of  the  stream  to  suitable  points  where  the  power  may 
be  utilized.  The  chief  diflBculty  which  is  met  in  storing  water  on  these 
streams  is  that  the  ponds  or  storage  reservoirs  become  rapidly  filled  with 
sand,  gravel  and  bowlders  brought  down  in  time  of  flood.  Probably  the 
future  development  of  these  powers  will  be  largely  by  electrical  trans- 
mission, which  is  described  more  fully  in  a  succeeding  chapter  (p.  337). 
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CHAPTER  V. 
THE  EOAXOKE  RIVEE  AND  TRIBUTARIES. 

THE  BOANOKE  BIVER. 

This  river  is  formed  by  the  confluence  of  the  Dan  and  Staunton 
rivers,  in  Mecklenburg  county,  Virginia.  Thence  flowing  southeast  it 
enters  Korth  Carolina  in  Warren  county,  and  forms  the  dividing  line 
between  Halifax  and  IMartin  counties  on  its  right,  and  Northampton 
and  Bertie  on  its  left,  emptying  into  Albemarle  sound  just  above  Ply- 
mouth. The  total  length  of  the  river  is  about  125  miles  in  a  straight 
line,  and  probably  nearly  twice  as  far  by  the  river.  The  principal 
towns  on  the  stream  are:  Clarksville,  Virginia  (at  the  junction  of  the  Dan 
with  the  Staunton),  Weldon,  Halifax,  Hamilton,  Williamston,  and  Ply- 
mouth, North  Carolina.  The  stream  is  navigable  at  low-water  to  Wel- 
don (some  120  miles),  or  can  be  made  so  for  boats  drawing  2  or  3  feet, 
and  to  Hamilton  (60  miles)  for  boats  drawing  10  feet.  Boats  of  greater 
draught  cannot  come  through  the  sound.  It  is  considered  possible  to 
get  a  low-water  navigation  of  5  feet  to  Weldon,*  the  principal  obstacles 
to  navigation  being  snags,  stumps  and  sand-bars.  By  a  system  of  locks 
and  dams  this  river,  with  the  Dan,  was  long  ago  made  navigable  to 
Danville,  more  than  twice  as  far  from  the  mouth  as  Weldon,  but  these 
old  canal-works  have  been  long  in  disuse.  Although  Weldon  is  now 
the  head  of  navigation,  yet  there  are  still  long  reaches  on  the  Roanoke 
and  on  the  Dan,  both  above  and  below  Danville,  which  are  boatable. 

The  total  area  drained  by  the  Roanoke  river  comprises  about  9200 
square  miles,  of  which  the  Dan  drains  3798,  the  Staunton  3546,  and 
the  Roanoke  below  the  junction  1856.  There  are  no  large  tributaries 
of  the  Roanoke  below  the  confluence  of  the  Dan  and  Staunton. 

The  drainage  basin  of  the  Roanoke  proper  is  divided  into  two  nearly 
equal  parts  by  the  fall  line,  which  crosses  the  river  between  Weldon  and 
Gaston.     That  part  of  the  watershed  below  Weldon  is  low  and  flat, 

» From  the  oiig'inal  report  of  Geo.  F.  Swain,  published  In  the  reiwrts  of  the  Tenth  Census, 
with  data  revised  and  brought  down  to  date,  by  J.  A.  Holmes. 
•Annual  Report,  Chief  of  Ensrineers,  1872,  p,  726:  1879,  p.  eSU. 
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and  partakes  of  the  general  characteristics  of  the  eastern  division. 
Above  Weldon  the  country  is  more  broken  and  the  river  has  more  fall, 
having  cut  its  bed  down  to  the  underlying  metamorphic  rocks.  The 
drainage  basin  is  long  and  narrow,  varying  in  width  from  10  to  30  miles, 
and  along  the  river  are  many  fine  bottoms,  among  which  are  some  of 
the  best  farming  lands  in  the  vicinity.  The  bottoms  widen  out  as  we 
descend  the  river,  and  the  flood-plain  spreads  out  in  places  to  a  width 
of  several  miles,  and  finally  is  represented  by  the  broad  lowlands  and 
cypress  swamps  of  the  eastern  division.  Alternating  with  the  bottoms 
are  bluffs,  especially  on  the  south  side  of  the  river.  The  proportion  of 
the  drainage  basin  covered  with  forests  we  have  not  been  able  to  ascer- 
tain. The  soil  is  clay  and  loam,  with  sand  in  the  lower  part  of  the 
basin,  and  the  productions  are  tobacco,  cotton,  com,  wheat,  fruits,  and 
vegetables. 

Below  Weldon  the  country  is  quite  heavily  timbered,  and  large 
quantities  of  timber  and  shingles  are  shipped.  It  is  said  that  between 
15,000,000  and  20,000,000  shingles  are  made  and  shipped  annually 
from  this  region.  Above  Weldon  fine  building  stone  is  found  in  many 
places,  and  in  Granville,  Warren,  Edgecombe,  and  Wilson  counties, 
Xorth  Carolina,  a  fine  quality  of  granite  is  occasionally  quarried.  Xear 
Gaston  there  is  a  deposit  of  specular  iron-ore,  which  has  been  very  little 
worked.  The  basin  is  thinly  settled  above  Weldon.  The  Ealeigh  and 
Gaston  railroad,  after  leaving  the  river  at  Gaston,  recedes  rapidly 
from  it,  and  afterward  comes  nowhere  within  8  or  10  miles  of  it; 
while  on  the  north  the  river  is  crossed  by  the  Atlantic  and  Danville 
and  Southern  railways  near  Clarksville,  and  will  probably  be  crossed 
between  Clarksville  and  Gaston  by  a  new  line  of  railway  recently  pro- 
jected from  Eidgeway  to  Petersburg. 

The  average  rainfall  on  the  watershed  of  the  Eoanoke  above  the 
fall  line  is  probably  40  or  42  inches,  varying  from  38  or  39  on  the 
upper  part  of  the  Staunton  to  44  inches  at  Gaston.  Of  this  amount 
10  or  11  inches  fall  in  spring,  about  10  inches  in  summer,  and  nearly 
the  same  in  autumn  and  winter.  Being  so  uniformly  distributed,  the 
flow  of  the  stream  may  be  expected  to  be  very  variable,  ^specially  as  in 
all  probability  the  evaporation  is  quite  large;  and,  in  fact,  the  gen- 
eral testimony  is  that  the  flow  of  the  stream  is  subject  to  large  variations. 

The  freshets  on  the  river  are  very  violent,  and  the  fluctuations  often 
occur  very  rapidly.  At  Weldon  an  ordinary  freshet  gives  a  rise  of 
12  or  15  feet;  but  generally  twice  in  the  year,  in  the  spring  and  in  the 
fall,  there  is  a  larger  freshet,  the  water  rising  25  to  30  feet.  In  1865 
the  river  rose  50  feet  at  that  point,  and  30  feet  at  Hamilton.  For  60 
or  70  miles  below  Weldon  the  rise  is  from  10  to  30  feet,  but  it  gradually 
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diminislies  as  the  mouth  of  the  river  is  approached,  and  for  the  last 
15  or  20  miles  of  its  course  it  is  from  1  to  3  feet'  These  floods  occur 
80  rapidly  that  the  river  rises  sometimes  over  10  feet  in  a  day  at  Wel- 
don/  and  where  there  are  no  dikes  it  occasionally  overflows  the  banks 
and  inundates  large  areas  of  the  adjoining  lands.  Daily  measurements 
of  tlie  height  of  the  river  surface  have  been  made  and  recorded  at 
C'larksville  and  Xeals  for  several  years,  and  occasional  measurements 
of  the  flow  have  been  made  at  both  these  places.  A  record  of  these 
will  be  found  in  Part  IV  (pp.  287  and  292)  of  this  report. 

There  are  no  lakes  or  artificial  reservoirs  anywhere  in  the  drainage 
basin,  neither  are  there  facilities  for  storage  on  the  Roanoke  proper; 
but  on  the  upper  Dan  and  Staunton  re^aervoirs  might  doubtless  be  con- 
structed at  many  points. 

The  bed  of  the  stream  is  generally  sand  below  Weldon,  with  one  or 
two  ledges,  and  the  banks  are  alluvial,  not  very  low  as  a  rule,  and  in 
many  places  lined  with  overhanging  trees;  while  above  Weldon  the  bed 
is  generally  composed  of  solid  rock,  sometimes  of  gravel  and  sometimes 
of  sand  or  clay,  the  banks  being  alternately  high  and  sometimes  bluflFy, 
and  low  and  alluvial.  Above  the  falls  at  Weldon,  which  extend  for 
a  distance  of  10  miles  above  that  place,  the  river  is  wide,  full  of  rocks 
and  islands  in  many  places,  and  difiicult  to  navigate  in  low  water,  with 
large  areas  of  bottom-land  subject  to  overflow  in  freshets,  although  the 
rise  is  smaller  than  at  Weldon.  Large  areas  of  these  lowlands  below 
Weldon  were  diked  before  the  Civil  War  to  prevent  flooding  of  the 
ciiltivated  areas,  and  in  places  these  dikes  are  being  kept  up  at  the 
])resent  time.  High  dams  across  the  river,  except  between  Gaston  and 
Weldon,  would,  in  general,  be  accompanied  by  the  overflowing  of  large 
areas. 

The  following  table  will  give  some  idea  of  the  fall  of  the  stream: 

Table  of  Declivity— Roawoke  riyer. 


Ulevaiion 
DlstADce         above  tide, 
from  mouth.  '     (Approxl- 
mate.> 


Moutb 

Weldon 

Head  of  falls. 
Clarksvllle  ... 


Miles. 

0 
120 
1S9 
185 


Feet. 


0 

44 

128 

S60 


Difttance  be- 
tween points. 


Miles. 

.  .  120 
.  .  9 
.     .      56 


Fall  between  ;  Fall  between 
points.  points. 


Feet. 

.     .    44 

.     .     H 
.     .   141 


,  Feet  per  miU. 

'  .     .     .    0.3fi 
...    9.3 
.     .     .    2.52 


In  the  twenty-second  report  of  the  board  of  public  works  of  Virginia 
is  a  report  on  a  survey  of  the  Roanoke,  by  J.  J.  Couty.     It  is  there 


» Annual  Report  of  the  Chief  of  Enjrlneers,  1872,  p.  726. 

»  Annual  Report  of  the  Chief  of  Engineers  1876,  Appendix  O,  9. 
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stated  that  the  fall  from  Eock  Landing,  in  Xorth  Carolina,  to  the  con- 
fluence of  the  Dan  and  Staunton,  in  Virginia,  is  156.65  feet,  the  distance 
\^eing  59.9  miles.  The  same  report  states  that  the  width  of  the  river 
is  considerable,  being  even  three-fourths  of  a  mile  in  places,  but  on  the 
average  about  400  yards,  and  that  the  bed  is  mostly  of  solid  rock,  and 
remarkably  favorable  for  dams. 

The  waterpowers  on  the  stream  will  now  be  described. 

WATERPOWER  ON  THE  ROANOKE  NE^Ul  WELDON. 

The  first  power  on  the  river  as  it  is  ascended  is  that  at  Weldon,  ^orth 
Carolina,  where  the  stream  crosses  the  fall  line.  The  fall  here  is  about 
84  feet  in  a  distance  of  9  miles  above  the  town,  the  river  within  this 
distance  being  very  rocky  and  rapid,  the  channel  very  tortuous,  and  the 
bed  of  the  river  interspersed  with  rocks  and  islands,  most  of  which  are 
submerged  at  high  water.  Some  of  the  larger  islands  are  cultivated. 
The  bed  of  the  river  is  almost  solid  rock,  and  the  banks  generally  abrupt, 
especially  on  the  upper  part,  for  several  miles  below  the  head  of  the 
falls,  where  they  are  40  or  50  feet  high,  of  hard  granitic  rock,  and  often 
extending  almost  perpendicularly  to  the  water^s  edge.  Waterpower 
development  has  been  in  progress  here  for  several  years  by  the  two  com- 
panies mentioned  below.  Xil?.''a^Wip^ying  map  (Plate  II)  shows 
the  relative  location  of  these  deye^pinenrai  and  its  contour  lines — ^with 
a  20-foot  intei-val  betwee^i  tl^^m-7-indieate  the  general  topography  of 
the  region. 

Roanoke  Navigation  ani)*  Waterpower  Company's  Canal. — Some 
fifty  years  ago  the  Roanoke  Navigation  Company  extended  navigation 
around  these  falls  by  constructing  a  canal  on  the  south  side  of  the 
river  between  Weldon  and  Rock  Landing,  9  miles  above.  This  canal 
was  30  feet  wide  at  the  top  and  3  feet  deep,  dimensions  sufficiently  large 
for  the  boats  then  in  use  on  the  river.  As  a  navigation  enterprise  this 
was  probably  never  a  great  financial  success,  and  with  the  building  of 
railroads  to  Petersburg  and  Norfolk,  the  upper  river  navigation  de- 
clined steadily  until  it  was  finally  discontinued,  and  the  works  were 
allowed  to  fall  into  disuse,  the  canal  being  kept  open  only  sufficiently  to 
supply  water  necessary  to  nm  one  or  more  small  mills.  The  General 
Assembly  of  1874-75  authorized  the  dissolution  of  the  old  Roanoke 
Navigation  Company  and  ordered  the  sale  of  the  property  which  was 
subsequently  purchased  by  the  Roanoke  Navigation  and  Waterpower 
Company.  This  company  subsecjuently  cleaned  out  and  repaired  the 
canal  and  has  begim  its  development  as  a  source  of  waterpower. 

The  canal  was  originally  substantially  built,  and  crosses  several  small 
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creeks  by  means  of  stone  aqueducts,  all  of  which,  as  well  as  some  of 
the  locks,  which  were  also  of  stone,  are  in  good  condition,  although  the 
gates  of  the  latter  are  gone;  and  toward  the  upper  end  ol  the  canal 
there  are  extensive  masonry  walls  in  places  on  the  river  side,  rendered 
necessary  by  the  abruptness  of  the  banks,  all  of  which  are  in  good  con- 
dition. At  the  upper  end  of  the  canal  there  was  a  guard-lock,  and  prob- 
ably a  dam,  but  the  gates  of  the  lock  are  gone,  and  the  dam  now  there 
consists  only  of  a  few  stones  piled  up  roughly.  The  river  at  this  place 
is  said  to  be  very  favorable  for  the  construction  of  a  dam  which  might 
extend  entirely  across  the  channel. 

Xearly  four  miles  below  the  head  of  the  canal  is  a  flight  of  four 
locks  with  a  total  lift  of  36  feet.  The  total  fall  at  these  locks  now 
available  for  power  is  31  feet.  The  land  in  the  vicinity  is  favorable 
for  building.     See  "  combined  locks  "  (Plate  11). 

At  the  lower  end  of  the  canal  a  fall  of  48  feet  between  the  level  of 
the  canal  and  the  river  was  overcome  when  the  canal  was  used  for  pur- 
poses of  navigation  by  a  flight  of  6  locks  with  8  feet  lift  each.*  These 
locks  have  since  been  abandoned  and  removed.  At  the  lower  end  of 
the  canal  the  company  has  erected  a  corn-mill  having  a  daily  capacity 
of  2000  bushels  with  a  grain  elevator  of  50,000  bushels  capacity 
attached,  and  a  cotton-seed  oil  mill  vfiih  a  capacity  of  35  tons  per  day 
of  24  hours;  the  two  mills  using  about  250  horsepower,  the  total 
available  low-water  fall  for  power  at  this  point  being  45  feet.  The 
company  has  recently  added  a  cotton-gin  and  a  baling  plant  for  the 
new  cylindrical  bale. 

These  mills  discharge  the  water  directly  to  the  river,  and  are  situated 
from  100  to  200  yards  above  the  old  locks.  They  can  run  full  capacity 
all  the  year,  except  occasionally,  for  a  few  days  at  a  time,  when  their 
running  is  interfered  with  by  high  water.  There  is  practically  no 
trouble  whatever  from  ice. 

The  recent  development  which  was  completed  a  few  years  ago,  con- 
sists of  the  enlargement  of  the  prism  of  the  original  canal  to  the  fol- 
lowing dimensions,  to  wit:  "  Twenty-three  feet  at  bottom,  thirty-five  feet 
wide  at  normal  surface  of  water,  and  four  feet  deep;  the  construction 
of  head-gates,  with  the  necessary  masonry,  the  raising  and  repairing  of 
waste-ways  and  waste-gates,  the  construction  of  a  waste-weir  and  gates 
at  the  foot  of  the  basin  in  Weldon,  the  raising  and  repairs  of  the 
masonry  of  Chockeotte  creek  aqueduct,  and  the  raising  and  strength- 
ening of  the  banks  of  the  canal  throughout  its  length. 

*  Report  of  Roanoke  Navigation  Company  In  one  of  the  reporta  of  the  board  of  public  works 
of  VlDBTinia. 
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"  The  canal,  with  the  foregoing  dimensions,  with  smooth  surfaces, 
and  with  a  bottom  grade  of  one  foot  per  mile,  as  it  has  been  constructed, 
has  a  capacity  to  carry  15,550  cubic  feet  of  water  per  minute. 

"  It  is  constructed  in  two  reaches  or  levels,  the  first  or  upper  one 
extending  from  the  head-gates  to  the  combined  locks,  a  distance  of  about 
three  and  a  quarter  miles,  securing  a  fall  of  thirty-one  feet  at  said  locks. 
The  second  level  extends  from  said  locks  to  the  terminus  of  the  canal 
at  Weldon,  a  distance  of  about  five  and  one-eighth  miles,  where  a  fall 
of  forty-five  feet  can  be  secured  when  the  water  in  the  river  is  at  low- 
water  stage."  * 

The  total  drainage  area  of  the  Roanoke  above  Gaston,  or  the  head 
of  the  falls,  is  about  8200  square  miles,  and  the  rainfall  over  this  area 
is  about  40  or  42  inches,  distributed  tolerably  evenly  throughout  the 
year.  Records  of  only  recent  gaugings  of  the  river  are  to  be  had. 
W.  C.  Kerr  measured  the  flow  at  Haskins'  Ferry,  over  50  miles  above 
Weldon,  in  the  fall,  and  found  it  to  be  2950  cubic  feet  per  second,  the 
drainage  area  above  this  point  being  about  7350  square  miles,  but  the 
stage  of  the  river  is  not  stated.  Swain  has  estimated  the  flow  of  the 
river  at  Gaston  to  be  as  follows:* 

Cublo  feet  per  second 

Minimum  llow» J  JJOO 

Minimum  average  for  low-season  rioJpN**^^. 1.700 

Average  for  the  low-season  flow  of  average  dry  years 1,050 

The  corresponding  power  may  be  tabulated  as  follows: 


Flow,  cublo  feet  per  second. 


Horsepower  available,  gross. 


1  foot  fall.       88  feet  fall. 


J,600  170  6,810 

1.700  m  6,880        j  16,212 

1,960  *• I  221  7,298  18,564 


84  feet  fall. 


14,280 


The  second  column  of  this  table  will  also  indicate  the  power  that 
might  be  expected  to  be  developed  at  the  locks  were  the  canal  above 
this  point  sufficiently  enlarged  to  allow  the  entire  river,  at  low  water, 
to  flow  through  it  to  this  point.  This  large  power,  only  partially 
utilized,  is  available,  although  it  would  be  very  expensive  to  utilize  the 
whole  of  it. 

»  Report  of  Byron  Holly,  civil  and  hydraulic  engineer  to  the  Roanoke  Navigation  and  Water- 
power  Co.,  1892,  published  in  the  Prrwpr r f  iw  of  that  company. 

«  For  later  meRSurements  of  the  flow  of  this  ilvor.  see  pp.  21«-2fl4.  "See  pp.  64-iW. 
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The  powers  given  in  the  above  tables  could  be  rendered  available 
without  much  difficulty,  but  it  must  be  remembered  that  all  the  power 
calculated  thus  far  is  the  gross  horsepower,  and  that  the  amount  to 
be -practically  utilized  would  be  lees,  varying  according  to  the  motor 
employed.  With  good  turbine-wheels  the  net  power  will  be  about  three- 
quarters  or  eight-tenths  of  the  gross  power. 

The  power  at  Weldon  is  one  of  the  largest  in  the  state  of  North  Caro- 
lina, and  the  principal  cause  of  its  not  being  utilized  to  a  greater  extent 
until  recently  is  probably  the  lack  of  capital.  The  facilities  for  trans- 
port are  excellent,  both  by  land  and  by  water,  for  the  river  can  be 
made  navigable  up  to  the  town,  and  it  is  quite  a  railroad  center.  Four 
railroads  terminate  in  the  town,  viz.  the  Petersburg  Bailroad,  the  Sea- 
board and  Roanoke  Railroad,  the  Wilmington  and  Weldon  Railroad, 
and  the  Raleigh  and  Gaston  Railroad,  thus  bringing  Weldon  within 
less  than  2  hours  of  Petersburg,  less  than  3  hours  of  Richmond,  Raleigh 
and  ^N^orfolk,  5  hours  of  Wilmington,  8  hours  from  Washington,  and 
12  hours  from  New  York. 

Good  building-stone  and  timber  can  be  obtained  in  abundance  in  the 
neighborhood,  and  a  good  deal  of  cotton  is  raised  in  the  vicinity.  The 
iron  deposits  near  Gaston  have  only  been  worked  to  a  very  small  extent, 
although  the  ore  is  said  to  be  of  good  quality.  The  advantages  for  the 
utilization  of  the  power  are  in  fact  excellent  in  all  respects,  and  that 
there  are  no  serious  drawbacks  is  proved  conclusively  by  the  successful 
operation  of  other  manufacturing  plants  in  this  region.  This  magnifi- 
cent power  is  worthy  of  a  careful  examination  by  capitalists. 

Roanoke  Rapids  Canal. — The  development  work  of  this  company 
also  lies  on  the  south  side  of  the  Roanoke  river,  between  Weldon  and 
Gaston,  beginning  IJ  to  2  miles  below  the  upper  end  of  The  Roanoke 
Navigation  and  Waterpower  Company's  canal  and  terminating  nearly 
2  miles  below  in  the  great  bend  of  the  river,  where  the  factories  are 
located.  As  shown  by  the  accompanying  map  (Plate  II,  p.  94),  the 
upper  one  mile  of  the  canal  lies  between  the  right  bank  of  the  river 
and  a  chain  of  islands  which  are  connected  by  dams  made  of  wood  and 
stone.  The  longer  of  these  connecting  dams  has  a  length  of  1465  feet 
and  a  height  of  from  4  to  7  feet,  and  the  dam  (Plate  III)  connecting 
the  lower  end  of  the  lowest  island  with  the  outer  end  of  the  bulk- 
head is  686  feet  long  and  about  11  feet  high,  built  of  log  frame  with 
rock  filling  and  planked  above.  Along  the  surface  of  these  islands  dikes 
are  thrown  up  to  prevent  the  overflow  of  water  from  the  canal  into  the 
river. 

The  bulkhead  (Plate  III)  is  of  stone,  150  feet  long,  24  feet  high, 

at  its  outer  or  northern  end,  and  15  feet  thick,  and  is  penetrated  by  13 
7 
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gates  for  the  admission  of  the  water  into  the  lower  part  of  the  canal. 
This  lower  part  of  the  canal  is  three-quarters  of  a  mile  long  from  the 
bulkhead  to  its  lower  end,  90  feet  wide  at  top,  60  feet  wide  at  bottom, 
10  feet  deep,  and  when  the  canal  contains  its  normal  supply  of  water 
its  cross-section  below  water  surface  is  7500  square  feet.  The  fall  at 
the  lower  end  of  the  canal  during  ordinary  seasons  is  said  to  be  27 
feet.  In  dry  seasons  the  fall  is  30  feet,  and  the  capacity  of  the  canal 
is  then  said  to  be  ()100  horsepower.  Only  a  small  part  of  this  power 
is  being  utilized  at  the  present  time,  but  two  substantial  factories  have 
been  constructed  and  are  now  in  operation. 

The  knitting  mill  of  the  United  Industrial  Company,  located  imme- 
diately against  the  side  of  the  canal,  contains  2310  spindles,  5  sets 
of  cards,  30  knitting  machines  and  75  sewing  machines.  Its  power  is 
developed  by  2  Leffel  40-inch  turbine-wheels  on  a  horizontal  shaft, 
supplied  with  water  by  an  iron  penstock  direct  from  the  canal,  and 
capable  of  developing,  it  is  claimed,  with  the  dry  season  head  of  30 
feet,  alx)ut  800  horsepower.  Of  this,  however,  only  aliout  150  horse- 
power is  being  used. 

The  cotton-mill  of  the  Eoanoke  Mill  Company,  located  about  100 
yards  east  of  the  above  and  at  a  slightly  greater  distance  from  the 
canal,  has  a  capacity  of  1S,000  spindles  and  550  looms,  though  it 
has  now  in  operation  only  12,096  spindles  and  320  looms,  and  it  i< 
using  only  about  400  horsepower,  though  its  two  McCormick  36-incii 
turbines,  on  a  horizontal  shaft,  with  a  normal  waterhead  of  2s  feet,  an* 
said  to  develop  640  horsepower.  The  water  is  supplied  to  thet^e 
wheels  by  an  iron  penstock  9  feet  in  diameter  and  480  feet  long.  A 
smaller  single  turbine,  said  to  be  capable  of  developing  125  horsi^ 
power,  supplies  power  for  tlie  electric  lights,  fire  pump,  etc.  As  will 
be  seen  from  the  above  statement,  there  is  here  ample  power  for  addi- 
tional manufacturing  establishments,  and  until  it  is  fully  utilized  there 
need  be  no  fear  of  a  scarcity  of  water  during  dry  seasons,  and  there 
will  be  but  little  trouble  from  high  water  except  during  the  larger 
freshets. 

Above  Gaston  the  river  widens,  and  there  are  no  other  powei-s  at  all 
comparable  with  the  one  just  described,  although  there  are  some  shoals 
which  might  advantageously  be  utilized,  alternating  with  long  boatahle 
stretches  of  smooth  water.  In  regard  to  tlie^e  shoals,  however,  we  were 
only  able  to  obtain  a  few  scattered  notes,  and  on  accoimt  of  their 
inaccessibility  were  unable  to  visit  any  of  them. 

Pdur  miles  above  Rock  Landing,  the  head  of  the  Weldon  canal,  is  a 
shoal,  around  which  the  Xavigation  Company  constructed  a  canal  400 
yards  long,  with  a  lock  at  the  lower  end  having  a  lift  of  9  feet. 
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Two  miles  further  up  there  is  a  second  mill,  and  above  that  are 
several  others,  tabulated  in  the  table  of  utilized  power.  The  available 
fall,  however,  we  are  unable  to  state.  The  only  other  place  on  the  river 
where  the  Navigation  Company  found  it  necessary  to  construct  a  canal 
was  at  Pugh's  falls,  where  there  was  one  lock  with  5^  feet  lift,'  but  we 
are  unable  to  say  just  where  this  place  is  located,  ^'e  are  also  unable 
to  give  any  information  regarding  the  present  condition  of  these  canals, 
but  the  probability  is  that  they  are  in  very  bad  order. 

The  principal  reason  why  these  shoals  have  not  been  used  more 
extensively  is  probably  the  fact  that  the  river  is  wide,  so  that  the  dams 
necessary  are  long  and  expensive  and  subject  to  injury  by  the  freshets. 
Of  necessity,  therefore,  mills  have  usually  been  located  on  smaller 
streams. 

Finally,  it  may  not  be  out  of  place  to  say  a  few  words  regarding  the 
causes  of  the  low  flow  of  the  Roanoke  (estimated),  as  compared  with 
that  of  streams  in  Xew  England.  These  causes  are  probably  the  fol- 
lowing: (1)  The  rainfall  on  the  drainage  basin  is  not  greater,  and 
probably  rather  less,  than  on  the  basins  of  New  England  streams;  (2) 
it  is,  on  the  whole,  tolerably  uniformly  distributed  throughout  the  year, 
l)ut  on  some  parts  of  the  Dan  and  Staunton  rather  more  falls  in  winter 
than  in  summer;  hence,  as  the  evaporation  is  very  large,  the  streams 
will  be  very  low  in  summer,  when  the  evaporation  is  greatest  and  the 
rainfall  least ;  (3)  there  are  no  lakes  to  regulate  the  flow. 

THE   BOANOKE  TBIBUTASIES— DAII   BIVEB. 

In  regard  to  the  smaller  tributary  streams  of  the  Roanoke  in  Xorth 
Carolina  very  little  is  to  be  said.  Xone  of  them  are  of  any  importance, 
and  possess  no  large  waterpowers,  so  far  as  we  could  learn.  The  only 
power  used  on  them  is  for  running  small  grist-  and  saw-mills,  the  grist- 
mills generally  Avith  one,  two,  or  three  nm  of  stones.  We  visited  none 
of  those  streams,  and  the  tables  of  the  power  utilized  on  them,  com- 
piled from  the  reports  of  the  enumerators,  will  show  that  they  are  not 
of  much  consequence.  For  small  powers  they  can  be  economically 
utilized — more  economically  than  the  Roanoke  itv«?olf — because  they  have 
more  fall,  because  the  cost  of  a  permanent  dam  is  less,  and  because  the 
mills  are  not  troubled  with  high  water,  as  those  on  the  Roanoke  are; 
but  their  flow  is,  of  course,  much  more  variable  than  that  of  the 
Roanoke. 

The  Dan  river,  one  of  the  main  forks  of  the  Roanoke,  rises  in  Pat- 
rick coimty,  Virginia,  near  BuflFalo  Knob,  in  the  Blue  Ridge.     It  flows 

*  UeT>ort  of  Hoanoke  Navij^atlon  Company  in  one  of  the  reix)rt8  of  the  Virginia  lM)ar(l  of 
public  works. 
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first  in  a  southeasterly  direction,  enters  North  Carolina,  flows  through 
Stokes  and  Kockinghain  counties,  and,  pursuing  a  general  easterly 
course,  enters  Virginia  in  Pittsylvania,  returns  to  North  Carolina  in 
Caswell,  and  finally  enters  Virginia  again  in  Halifax,  to  unite  with  the 
Staunton  in  the  adjoining  county  of  Mecklenburg,  forming  the  Boanoke. 
The  length  of  the  stream,  measured  in  a  straight  line  nearly  east  and 
west,  is  about  100  miles,  and  by  the  course  of  the  river  about  180  miles. 
The  principal  towns  on  the  river  are  Danbury,  jiadison,  and  Leaksville, 
Korth  Carolina  (all  small  towns  of  several  hundred  inhabitants);  Dan- 
ville, Virginia,  with  a  population  of  over  15,000;  Milton,  North  Caro- 
lina, and  South  Boston,  Virginia,  with  five  or  six  hundred  inhabitants 
each. 

As  has  already  been  stated,  the  river  was  many  years  ago  made  navi- 
gable by  the  Boanoke  Navigation  Company  as  far  as  Danville,  and  for 
50  or  60  miles  above  that  place  (as  far  as  Sauratown)  for  bateaux  carry- 
ing 12,000  pounds,  and  at  times  bateaux  have  reached  Hairstons  falls, 
12  miles  below  Danbury.  Boats  propelled  by  poles  now  ply  irregu- 
larly between  Danville  and  various  other  points  on  the  river. 

The  river  and  harbor  act  of  June  18,  1878,  provided  for  a  survey  of 
the  river  from  Clarksville,  Virginia,  to  Danbury,  North  Carolina,  and 
the  reports  on  this  survey  by  Mr.  S.  T.  Abort,  United  States  civil  engi- 
neer, are  to  be  found  in  the  reports  of  the  Chief  of  Engineers,  1879, 
p.  652,  and  1880,  p.  794.  These  reports  give  detailed  information 
regarding  the  river,  and  have  been  used  freely  in  the  present  report. 
By  the  river  and  harbor  act  of  June  14,  1880,  the  sum  of  $10,000  was 
appropriated  for  the  improvement  of  the  river  between  Madison,  North 
Carolina,  and  Danville,  Virginia,  "  the  object  being  to  afford  a  channel 
for  steam  navigation  not  less  than  35  feet  wide,  and  not  less  than  li 
feet  deep  in  the  pools  and  2  feet  deep  in  the  rapids  at  extreme  low 
water,"  the  estimated  cost  of  the  work  being  $52,000. 

The  total  area  drained  by  the  Dan  is  3798  square  miles.  The  table 
on  page  106  gives  the  drainage  areas  above  the  principal  waterpowers. 

The  principal  tributaries  to  the  river  are,  from  the  north,  going  up 
the  river.  Bannister  river.  Birch  creek,  Sandy  river.  Smiths  river,  and 
]\Iayo  river;  from  the  south,  going  up,  Hyco  river.  County-line  creek, 
Moons  creek,  Hogans  creek,  and  Town  fork.  These  will  be  referred 
to  again. 

The  drainage  area  of  the  Dan  lies  in  the  Piedmont  division  of  North 
Carolina  and  Virginia,  the  sources  of  the  river  being  on  the  eastern 
slope  of  the  Blue  Eidge.  Its  general  character  does  not  differ,  as  a 
whole,  from  that  of  the  middle  division,  which  has  been  described  on  a 
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previous  page.  Its  shape  and  dimensions  may  be  seen  by  referring  to 
the  accompanying  map.  Geologically,  it  lies  in  the  area  of  metamor- 
phic  rocks.  Granite  is  found  at  various  points;  also  sandstone,  lime- 
stone, and  slate,  and  fine  building-stone  is  to  be  had  in  abimdance.  The 
valley  contains  coal  and  iron  deposits,  extensive  beds  of  iron-ore,  which 
have  been  worked  to  some  extent  for  more  than  half  a  century,  occurring 
near  Danbury,  North  Carolina.  The  coal-fields  embrace  an  area  of  over 
30  square  miles,  and  have  been  developed  only  to  a  very  small  extent. 
Some  of  the  coal  has  been  found  of  inferior  quality,  but  doubtless  as 
other  openings  are  made  coal  will  be  found  which  is  available  for  manu- 
facturing purposes. 

The  watershed  separating  the  valley  of  the  Dan  from  those  of  the 
Yadkin  and  Cape  Fear  is  a  "  long  and  broad  ridge  or  swell  of  land, 
which  trends  due  east,"  with  an  elevation  of  800  feet  and  upward.  The 
bed  of  the  river  is  generally  200  or  300,  and  sometimes  400,  feet  below 
the  adjacent  ridges,  and  its  tributaries  have,  therefore,  very  considerable 
fall,  some  of  them  affording  very  fine  waterpower. 

The  principal  products  of  the  valley  are  tobacco,  com,  wheat,  rye, 
oats,  potatoes,  and  fruits.  There  is  very  little,  if  any,  cotton  grown  in 
the  valley.  "  Between  Danbury  and  Leaksville  the  land  appears  to  be 
best  adapted  to  tobacco  culture,  and  a  fine  grade  is  produced,  although 
there  are  some  short  stretches  of  very  good  bottom-land.  Further  down, 
the  valley  widens,  and  broad  bottoms  are  found  cultivated  in  com  and 
wheat."  The  country  is  hilly  and  undulating,  and  in  the  extreme  west 
mountainous.     The  forests  above  Danville  are  extensive  and  valuable. 

There  are  no  lakes  in  the  basin,  but  much  of  the  region  is  forest- 
covered,  and  artificial  storage-reservoirs  could  probably  be  located  at 
many  points. 

The  bed  of  the  river  is  solid  rock,  overlaid  between  the  rapids  with 
sand  and  gravel.  The  facilities  for  dams  are  excellent.  Above  Dan- 
ville the  banks  are  generally  moderately  high,  and  sometimes  abmpt  and 
bluffy,  and  the  bottoms  narrow,  and  not  often  overflowed.  Below  Dan- 
ville the  banks  are  lower,  the  bottoms  wider,  and  oftener  overflowed, 
and  bluffs  more  rare.  There  are  no  regular  ravines  of  any  extent,  a 
bluff  on  one  side  of  the  river  being  generally  faced  by  shelving  or  low 
ground  on  the  other. 

The  river  is  subject  to  heavy  floods,  the  river  rising  and  falling  very 
rapidly.  At  Madison,  in  1850,  it  rose  28.4  feet;  and  at  Danville,  in 
1873, 17  feet  above  ordinary  low  water.  Below  Danville  the  floods  rise 
still  higher.  Thus,  in  November,  1877,  the  river  rose  to  heights  of 
30.21  feet  above  low  water  at  Milton;  33.54  feet  at  Oliver's  mill,  28 
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miles  below  Danville;  and  23.7  feet  at  Clarksville.  Such  rises  are, 
however,  very  rare.  There  is  seldom  any  trouble  with  ice,  and  ice- 
jams  occur  very  seldom,  although  the  river  is  sometimes  frozen  over. 
*^  Notwithstanding  the  height  of  the  floods,  the  banks  are  seldom 
washed,  their  permanency  being  secured  by  a  fringe  of  ^villow-growth, 
which  borders  the  low  grounds." 

The  average  annual  rainfall  on  the  valley  of  the  Dan  is  about  43 
inches,  distributed  approximately  as  follows:  spring,  11;  summer,  12; 
autumn,  10;  winter,  10.  In  the  upper  parts  of  the  valley  the  rainfall 
is  as  follows:  spring,  12;  summer,  14;  autumn,  10;  winter,  14  inches. 
The  following  table  will  show  the  declivity  of  the  stream: 

Table  or  Declivity— Dan  rivek. 


! 

T^larkivlUe ! 

Danville,  Southern  railroad  oroesing.  > 

Madison  bridge 

Hairstons  ford  

Danbury  ford 


DisUnce 

from 
mouth. 

Elevation 
above 
tide. 

Distance 

between 

points. 

Miles. 

Fall 
between 
points. 

Feet. 

Fall 

between 

points. 

Miles. 

Feet. 

Feet  per 
mile. 

0.00 

289 

j-    64.27 

121 

l.»8 

64.27 
114.37 
129.81 

890 
647 
699 

J'     oO.lO 
[     14.94 

157 
52 

3.13 
3.49 

142.76 

696 

i     13.46 

96 

7.2« 

Having  no  long-continued  records  of  gaugings  of  the  Dan  river, 
Swain  has  estimated  the  flow.  The  following  estimates  are  for  the 
mouth  of  the  stream: 


Table  of  Bstimated  Flow  and  Power  op  the  Dan  river  at  Mouth. - 
state  of  flow. 


Drainage 
area. 


(See  pages  54  to  59.) 


Minimum 

Minimum  low  season. . . 
Low  season,  drj  years  . 


I    S(ir.  milee. 
{  3,798 


Flow  per 
second. 


Cubic  feet. 

TOO 
810 
950 


Horsepower 

available. 

gross. 


Per  foot  fall. 
80 
1(» 


The  Dan  river  for  a  long  time  was  not  very  accessible  above  Danville. 
Below  that  point  the  Richmond  and  Danville  railroad  is  within  4  miles 
of  the  stream  for  about  50  miles,  after  which  it  leaves  the  river  nearly 
at  right  angles.     The  Atlantic  and  Danville  railroad  also  run.««  within 


*  The  elevations  on  the  Richmond  k  Danville  r8outhprn>  railrosd  were  furnished  by  T.M.B. 
Talcott,  then  general  manager,  who  had  special  measurements  made  of  the  height  of  the  track 
above  the  watei^surfsce. 

« For  measurements  of  the  flow  of  Dan  river  see  pp.  288.  289. 
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a  few  miles  of  the  river  all  the  way  from  Danville  to  Clarksville.  Above 
Danville  the  river  is  for  about  30  miles  within  6  miles  of  the  railroad, 
but  above  that  it  was  quite  inaccessible.  Thus  the  part  of  the  stream 
which  was  easily  accessible  was  between  the  mouth  of  the  Bannister 
river  and  the  town  of  Leaksville.  The  building  of  the  Cape  Fear  and 
Yadkin  Valley  railroad  to  Madison,  the  Koanoke  and  Southern  rail- 
road from  Winston  to  Roanoke,  and  the  Leaksville  Xarrow  Gauge  rail- 
road now  render  that  part  of  the  river  above  Danville  as  accessible  as 
that  below,  and  this  is  doing  a  great  deal  to  develop  the  resources  of  the 
region. 

WATERPOWER  ON  DAN  RIVER   IN  NORTH  CAROLINA. 

It  has  already  been  stated  that  the  average  fall  of  the  Dan  between 
Clarksville  and  the  Richmond  and  Danville  railroad  bridge  is  1.88 
feet  per  mile.  This  fall  is,  however,  not  evenly  distributed  over  the 
whole  distance,  but  is  mainly  concentrated  at  a  few  localities,  thus 
affording  opportunities  for  developing  large  waterpowers.  The  only 
one  of  these  in  Xorth  Carolina,  however,  is  that  at  ililton. 

(Concerning  the  Milton  shoal,  it  may  be  said  that  the  fall  is  mod- 
erate in  the  upper  4100  feet,  but  for  the  remainder  of  the  length  very 
rapid,  and  the  river  is  full  of  islands  and  rocks.  Below  the  shoal  the  river 
is  only  120  feet  wide  for  a  distance  of  three-quarters  of  a  mile.  The  fall 
in  the  river  from  the  head  of  Dodsons  shoals  to  the  mouth  of  County- 
line  creek  at  Milton  is  7i  feet  in  a  distance  of  1^  miles.  The  condi- 
tions for  building  a  dam  on  Dodsons  shoals  are  said  to  bb  good,  and  a 
six-foot  dam  would  give  a  fall  of  13^  feet.  The  conditions  for  locating 
and  constructing  a  canal  between  the  two  points  are  said  to  be  exceed- 
ingly favorable,  and  the  conditions  for  locating  factory  buildings  at 
Milton  are  said  to  be  equally  satisfactory.  Two  lines  of  railroad  (the 
Atlantic  and  Danville  and  the  Southern)  at  ]Milton  give  excellent  trans- 
portation facilities. 

The  next  shoal  of  importance  is  the  Danville  shoal,  just  below  the 
Richmond  and  Danville  railroad  bridge,  and  nothing  more  than  a  con- 
tinuation, with  a  less  rapid  fall,  of  Danville  falls.  The  bottom  is  wholly 
rock. 

In  regard  to  the  amount  of  power  which  can  be  utilized  on  the  river 
between  Danville  and  Clarksville,  an  opinion  could  only  be  formed  by 
a  personal  examination.  From  what  has  been  said,  it  is  clear  that 
there  would  be  no  difficulty  in  building  dams  almost  anywhere,  so  far 
as  the  bed  of  the  stream  is  concerned,  and  the  banks  are  much  more 
favorable  than  on  the  Roanoke;  but  whether  much  of  the  fall  is  avail- 
able for  power,  at  reasonable  cost,  we  cannot  say.     Tn  the  table  are  given 
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estimates  of  the  power  at  only  a  few  points.  The  powers  given  for  the 
separate  shoals  are  for  the  natural  fall  in  the  river  at  each  shoal,  and 
may,  of  course,  be  increased  if  that  fall  is  increased  by  a  dam. 

Proceeding  up  the  river,  various  shoals  are  encountered,  all  of  which 
are  mentioned  in  the  following  table.  As  before,  the  power  has  been 
calculated  only  for  the  principal  ones.  We  are  unable  to  describe  in 
detail  any  of  these  shoals,  not  having  visited  any  of  them  in  person. 
It  is  evident,  however,  that  the  facilities  for  power  are  good,  as  far  as 
bed  and  banks  are  concerned,  both  from  Mr.  Abert's  report  and  from 
what  additional  information  we  could  gather.  The  width  of  the  stream 
between  Danville  and  Madison  varies  from  190  to  430  feet,  averaging 
perhaps  250  feet.  At  Hairstona  ford,  above  Madison,  it  is  160,  and 
at  Danbury  120  feet  The  power  of  the  river  at  the  time  of  this 
enquiry  was  utilized  between  Danville  and  Danbury  at  only  two  points, 
viz.  at  Eagle  falls  and  at  Hairstons  falls,  and  there  only  by  small  grist- 
and  saw-mills,  using  a  very  small  amount  of  power.  The  mill  at  Hair- 
stons falls  was  supplied  by  a  dam  at  the  head  of  the  falls,  extending  in 
the  form  of  a  V  across  the  stream,  with  the  apex  up  stream,  and  con- 
structed of  logs.  It  was  built  in  1879,  at  a  cost  of  about  $125,  and  is 
about  150  yards  (?)  long  and  3^  feet  high,  backing  the  water  about 
half  a  mile.  A  race  about  2000  feet  long  leads  to  the  mill,  located  on 
the  right  bank,  where  a  fall  of  9  feet  was  used  with  a  primitive  wheel 
to  drive  the  grist-  and  saw-mill,  some  20  horsepower  (net)  being  util- 
ized, and  in  dry  weather  no  water  flowing  over  the  dam.  The  bed  of 
the  river  is  solid  rock. 

A  power  just  above  Danbury  was  formerly  used  to  a  small  extent 
by  the  iron  works  at  that  place.  The  dam  was  10  feet  high,  and  the 
water  carried  to  the  works  through  a  tunnel  about  100  yards  long,  cut- 
ting through  a  spur  of  the  hills  around  which  the  river  bends,  and 
affording  at  the  lower  end  of  the  canal  a  fall  of  21  feet.  The  fall  used 
by  the  works  was  about  16  feet,  and  the  distance  from  the  head  of  the 
canal  to  the  foot  of  the  tail-race  about  half  a  mile  by  the  river.  A  very 
small  proportion  of  the  dry-weather  flow  of  the  stream  was  utilized. 
The  works  have  not  been  in  operation  since  1865,  and  the  dam  has  been 
entirely  washed  away.  It  is  said  that  a  dam  18  feet  high  could  be  built 
at  this  place,  in  which  case  the  available  fall,  at  the  lower  end  of  the 
canal,  would  be  29  feet. 

Above  Danbury  the  Dan  is  a  small  stream,  but  has  a  great  deal  of 
power,  on  account  of  its  rapid  fall.  We  can  form  no  estimate  of  its 
available  power,  but  it  is  safe  to  say  that  sites  for  small  mills  can  be 
found  at  numerous  points  all  the  way  up.  The  utilized  power  is  tabu- 
lated below. 


WATEBPOWEB   ON    THE   DAN    RIVEB.  106 

The  results  in  the  tables  below  must  only  be  considered  as  very  rough 
approximations,  but  we  believe  the  powers  given  to  be  rather  too  small 
than  too  great.  When  it  is  remembered  that  the  rainfall  records  for 
the  region  considered  are  very  incomplete  indeed,  so  that  its  distribution 
through  the  year  is  very  uncertain,  and  that  there  are  no  long-continued 
gaugings  of  the  river  in  existence,  the  engineer  will  be  inclined  to  put 
little  reliance  on  the  figures  given,  and  we  must  be  distinctly  understood 
as  not  claiming  for  them  any  more  value  than  they  are  worth.  A  more 
accurate  knowledge  of  the  climatic  and  other  features  of  the  region 
considered  would  doubtless  lead  us  to  alter  our  estimates.  And  finally, 
it  is  to  be  remarked  that  these  figures  refer  to  the  power  available  with 
the  natural  fall  of  the  stream  and  with  its  natural  flow.  If  the  water 
could  be  stored  during  the  night,  all  these  powers  could  be  doubled, 
and  the  power  at  many  shoals  could  doubtless  be  considerably  increased 
by  putting  up  dams. 

It  has  not  been  considered  worth  while  to  calculate  the  theo- 
retical available  power  between  the  principal  shoals,  as  it  is  uncertain 
how  much  of  it  would  be  practically  available.  It  is  evident  that  the 
Dan  river  offers  a  large  amount  of  available  power  and  good  facilities 
for  manufacturing.  The  estimates  of  power,  made  by  Swain,  are  as 
follows:     (See  next  page.) 
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Summary  or  Power  of  the  Dan  river  in  North  Carolina. * 


Locality. 


MlltoD  shoal 

Dodsons  shoal 

Crowder's  shoal 

Hattlesnake  shoal 

WilklnsoD*8  shoal 

Pa8s*8boal 

Dlx*B  shoal 

Noble^s  shoal 

Devil's  Jump  shoal 

Wide  Mouth  shoal 

Indian  shoal 

SauratowD  ford  shoal 

Double  shoal 

Hamblln*s  Island  shoal. . . . 
Galloway's  flsh-trap  shoal. 

Galloway's  Island 

Reese's  rock  shoal 

Bairle  falls 

Mulberry  island  shoal 

Three  Islands  shoal 

Lone  Island  shoal 

Gravel  bar 

Slink  shoal 

Cross  Bock  rapid 

Roberson's  flsh-trap 

0  ravel  shoal 

Gravel  shoal 

Doaver  Island  shoal 

Wolf  shoal 

Cross  Rock  shoal 

Shoal  and  flsh  dam 

Sandy  island  shoal 

Carter^s  shoal 

Rutley's  shoal 

Buzzard  Island  shoal 

I^dd's  ford  shoal 

Dalton's  flsh-trap  shoal . . . 

Granny  Ang-el's  shoal 

Shoe-buokle  Island  shoal .  • 

Clay's  island  shoal 

Flsh-trap  shoal 

Hairstons  falls •{ 

Difr  Rook  sbofll 

Mount  Horrible  shoal 

Williams'  flsh-trap  shoal. . 

Davis  shoal 

Cow  ford  shoal 

Ducking  shoal 

Fulcher's  shoal 

Sink  hole  shoal 

Kedshoal 

Oldmillshoal 

Danbury  shoal 

Old  Iron  Works  shoal 


Total 

Fall. 

1 

3 

Horsepower 

available, 

irross.' 


8 

p 

a 

"5 

s 


o 

Ji 


7.188 
2.384, 
1.379 

i.m 

0.979 
0.679 
1.714 
2.173 
0.87  j 
2.17  1 
0.64 
0.71  i 
5.85  I 
0.30  I 
4.60 
0.49 
2.82  , 
3.14  ' 
1.38 
1.6:S  I 
1.93  i 
0.04  ' 
2.58  1 
0.69 
0.30  I 
U.88  I 
0.49 
2.44 
1.20 
2.86 
1.17 
3.51 
4.70 
2.09 
0.52 
1.18 
2.59 
1.38 
2.56 
1.40 
3.93 
14.89 
6.65 
8.67 
1.85 
1.79 
1.01 
452 
6.44 
2.01 
1.13 
4.79 
6.22 
10.60 
<  21.00 
(29.00 


6,898;   390< 

U04' I. 

3;890 I. 

3,job; |. 

720 . 

700 . 


n 


400   460 


2.062 i ' 

658 

81 

890 ' 

901 ' 

8,619   186'   228  200 

400 

2.898    75   100  116 

1.600 

2,600 , 

1,290 

1.250 ' 

883 I 

1,450 

160 I I 

1,074 1 

680 I 

760 

309 ' ' 

1,090 

305 ' 

1,188 I 

381 •• 

8,241  311  44  50 
3,276=  «'  60  e» 
14M8 

220 

444 , 

606 

441 

1,806 

477; '■■ 

1.517  18  26  30 
2,6S9  661  98  110 
3.280,  30'  44  60 
4,083  88  57  6.) 
1.119, i 

390, V 

205' 

1,8411  19  28  32 
2,616         271        40       46 

810! I ; 

1.266 I .••••. 

2.2871  18  »  » 
3,317]  22  32  2 
?....'        :<7I       66       «8 

,        75|      110     125 

102       150     175 


'  Seo  pp.  103  and  105. 


■  See  pmkcs  54  to  60. 
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TBIBUTABIE8  OF  THE  DAN  BIVEB. 
HYCO  CREEK. 

The  first  tributary  of  any  importance  above  the  confluence  of  the 
Dan  and  Staunton  is  Hyco  creek,  which  enters  from  the  south,  its 
mouth  being  just  above  the  head  of  Little  Hyco  falls.  This  stream 
rises  in  the  extreme  southern  part  of  Caswell  and  Person  counties, 
North  Carolina,  and  flows  in  a  northeasterly  direction  through  Halifax 
county,  Virginia,  having  a  total  length,  in  a  straight  line,  of  about  45 
miles,  and  draining  an  area  of  about  400  square  miles.  It  is  about  125 
feet  wide  near  its  mouth.  Its  tributaries  are  small  and  unimportant, 
and  there  are  no  important  towns  on  the  stream.  We  were  unable  to 
learn  much  about  its  power.  The  bed  and  banks  are  said  to  be  every- 
where favorable,  the  former  being  generally  rock.  The  only  power 
used  on  the  stream  is  for  small  grist-  and  saw-mills,  none  of  which  are 
extensive.  Xo  sites  not  used  were  brought  to  our  notice,  but  probably 
numerous  ones  may  be  obtained  by  damming.  As  the  stream  flows  par- 
allel to  the  general  strike  of  the  rock  strata,  it  is  probable  that  the 
declivity  is  quite  uniform  and  not  often  broken  by  falls  or  rapids.  In 
another  table  will  be  found  the  total  amount  of  power  utilized,  com- 
piled from  the  enumerator's  reports. 

COUNTY-LINE  CREEK. 

The  next  tributary  worth  mentioning  is  County-line  creek,  from  the 
south,  rising  in  Caswell  county,  North  Carolina,  and  joining  the  Dan 
just  on  the  state  line  (hence  the  name  of  the  stream),  after  flowing  in 
a  northeasterly  direction  for  a  distance  of  about  25  miles  in  a  straight 
line  and  draining  an  area  of  some  130  square  miles.  This  stream,  like 
the  others  in  this  neighborhood,  is  used  only  for  nmning  small  saw- 
and  grist-mills.  The  fall  is  considerable,  but  no  great  falls  at  any  one 
place  were  spoken  of,  and  probably  do  not  exist,  as  the  stream  flows 
nearly  parallel  to  the  strike  of  the  rocks.  The  declivity  is  probably 
quite  uniform,  and  the  powers  obtained  only  by  damming.  We  heard 
of  no  good  sites  unoccupied.  Xear  the  mouth  of  the  stream  is  a  grist 
and  roller  (flour)  mill,  with  a  dam  13  feet  high,  giving  a  fall  of  11  feet. 
Opposite  Yanceyville  the  stream  is  considerably  smaller,  and  will  only 
afford  about  2  or  2^  horse-power  per  foot  fall  (gross)  during  eight 
months  of  the  year.  The  waterpower  of,  the  stream  is  thus  not  very 
extensive. 

MOONS  AND  HOQANS  CREEKS. 

The  other  tributaries  below  Danville — Moons  creek,  emptying  just 
above  Wilkinsons  shoal,  and  draining  about  57  square  miles,  and 
Hogans  creek,  emptying  at  Dix  shoal,  and  draining  about  114  square 
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miles — are  similar  in  character  to  Hyco  and  County-line  creeks,  and  are 
utilized,  like  them,  only  to  run  small  country  gristr  and  saw-mills,  the 
former  with  one  or  two  run  of  stones.  In  a  later  table  will  be  found 
the  statement  of  the  power  used  on  these  streams  collectively,  and  more 
need  not  be  said  here. 

The  mills  in  this  neighborhood  are  very  little  troubled  by  ice,  and 
rarely  have  to  stop  on  that  account.  The  dams  are  generally  of  wood 
or  of  crib-work  filled  with  stone,  and  there  is  no  trouble  in  obtaining 
good  foundations. 

SMITHS  RIVER. 

Passing  by  several  small  creeks,  one  of  the  two  important  tributaries 
of  the  Dan  is  Smiths  river,  from  the  north,  a  very  considerable  stream. 
Rising  in  the  Blue  Ridge,  in  the  northern  part  of  Patrick  county,  Vir- 
ginia, it  flows  first  nearly  east,  and,  after  forming  for  a  few  miles  the 
boundary  between  Patrick  and  Franklin  counties,  it  enters  Henry 
county,  flows  through  it  in  a  southeasterly  direction,  and  empties  into 
the  Dan,  in  North  Carolina,  just  below  the  town  of  Leaksville.  The 
distance  from  its  source  to  its  mouth,  in  a  straight  line,  is  about  36 
miles,  but  by  the  river  it  is  probably  at  least  twice  that  distance.  The 
stream  flows  near  to  Martinsville,  the  county  seat  of  Henry  county, 
it  and  Leaksville  being  the  only  towns  of  importance  on  the  river.  The 
total  drainage  area  of  the  stream  is  about  600  square  miles,  of  which 
39  are  in  North  Carolina.  The  drainage  area  above  Martinsville  is 
330  square  miles.  Not  having  examined  the  river  in  detail,  on  account 
of  its  inaccessibility,  we  are  unable  to  describe  its  drainage  basin  very 
much  in  detail.  From  all  that  we  could  learn,  however,  it  is  well 
wooded,  with  a  fertile  soil  which,  in  many  places,  is  deep,  sandy,  and 
porous,  and  with  facilities  for  artificial  storage,  although  there  are  no 
lakes.  The  stream  has  a  very  rapid  fall,  a  rock  bottom  almost  every- 
where, banks  of  moderate  height,  and  few  low  grounds  subject  to  over- 
flow, although  it  is  subject  to  freshets,  during  which  the  water  rises 
20  feet  in  places.  It  is  fed  to  a  considerable  extent  by  constant 
springs,  and  is  said  not  to  be  very  variable  in  flow;  and  the  extensive 
forests  are  a  favorable  feature  in  this  respect. 

The  data  regarding  rainfall  in  the  basin  are  very  incomplete,  but, 
according  to  the  Smithsonian  charts,  it  may  be  a-^^jumed  at  about  44  to 
48  inches,  of  which  12  fall  in  spring,  12  in  summer,  10  in  autumn,  and 
12  in  winter.  There  are  no  records  of  continued  gaugings  of  the  stream, 
or  of  its  elevation  at  different  points. 

The  stream  is  crossed  at  Spray,  a  few  miles  above  its  mouth,  by  the 
Leaksville  and  Danville  Narrow  Gauge  railroad;  Reidsville,  on  the 
Southern  railroad,  being  14  miles  from  the  mouth  of  the  river.  The 
upper  part  of  the  river  is  crossed  by  the  Roanoke  and  Southern  railroad. 
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One  and  one-half  miles  above  the  mouth  of  the  river,  and  in  the 
town  of  Spray,  are  located  the  Leaksville  woolen-mill,  the  Leaksville 
cotton-mill,  the  mill  of  the  Spray  Mercantile  company  and  the  Spray 
cotton-mill. 

The  Leaksville  cotton-mill  contains  400  looms,  making  colored  cloths 
exclusively,  and  uses  about  136  horsepower,  developed  by  a  turbine  of 
32^  inches  in  diameter  and  working  under  a  head  of  23  feet,  capable 
of  developing  180  horsepower.  The  mill  of  the  Spray  Mercantile  com- 
pany is  a  roller  flour^mill  of  60  barrels  capacity  per  day  and  a  corn- 
mill  of  two  run  of  stones.  The  power  is  furnished  by  a  turbine-wheel 
25  inches  in  diameter  and  working  under  a  head  of  19  feet,  and  an 
overshot  wheel  working  under  a  head  of  14  feet,  the  two  together 
developing  about  60  horsepower.  The  Spray  cotton-mill,  containing 
12,064  spindles,  is  driven  by  waterpower  alone,  using  about  300  horse- 
power, developed  by  twin  Leffel  turbines  of  36  inches  diameter,  on  a 
horizontal  shaft,  and  working  under  a  head  of  30  feet.  The  Leaks- 
ville woolen-mill  is  a  two-set  mill,  using  about  60  horsepower,  obtained 
from  a  25-inch  "  Perfection "  turbine,  working  under  a  head  of  19 
feet. 

A  new  mill,  containing  400  looms,  has  been  recently  constructed  at 
this  place,  opposite  the  Spray  mUl,  and  is  using  a  30-foot  head. 

These  mills  all  draw  their  water  from  the  same  race,  which  is  16 
feet  wide  at  top,  4i  feet  deep  and  4200  feet  long,  with  a  bottom  grade 
of  39  inches  in  this  distance,  and  is  estimated  to  be  able  to  carry  a 
quantity  of  water  giving  600  horsepower  with  a  head  of  30  feet.  The 
dam  is  7  feet  high  and  600  feet  long,  of  triangular  wooden  frame^s 
bolted  to  the  bed  of  the  river  and  planked  over.  The  bulkhead  is  of 
solid  rubble  masonry,  laid  in  cement,  and  is  12  feet  wide  and  13  feet 
high. 

This  dam  backs  the  water  about  one-quarter  of  a  mile  up-stream,  to 
the  foot  of  another  shoal  owned  by  the  same  company  as  the  power  just 
described. 

Plans  are  now  being  developed  to  build  a  dam  on  this  upper  shoal, 
where,  it  is  claimed,  a  fall  of  12  feet  and  250  horsepower  can  be 
obtained.  This  power  is  to  be  transmitted,  electrically,  to  Spray  and 
used  to  run  the  Leaksville  cotton-  and  woolen-mills  and  the  com-  and 
flour-mill ;  and  all  the  water  of  the  river  in  the  canal  will  then  be  used 
at  the  Spray  cotton-mill  and  the  new  weaving  mill  under  the  head  of 
30  feet. 

The  river  has  been  gauged  near  its  mouth  by  H.  Eaton  Coleman, 
civil  engineer,  and  county  surveyor  of  Pittsylvania  county,  Virginia, 
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who  found  the  discharge  to  be  600  cubic  feet  per  second  "  at  mean  low 
water/'  But  as  a  single  measurement  of  the  flow  has  little  value, 
other  measurements  should  be  made  before  attempting  to  estimate  the 
available  flow  for  waterpower  purposes.  The  estimates  as  to  the  power 
used  at  the  several  mills  given  above  are  taken  from  the  statements  by 
the  superintendents  of  the  nulls. 

The  power  above  this  point  is  used  only  by  saw-  and  grist-mills,  in 
regard  to  which  we  have  no  detailed  information.  Enough  was  learned, 
however,  to  show  that  the  river  offers  good  sites  for  pow^er  all  the  waj 
up.     The  river  has  no  tributaries  of  much  importance. 

The  town  of  Leaksville  has  a  considerable  trade  in  tobacco,  which 
is  the  great  staple  of  the  county;  but  wheat  and  com  are  also  gro^vIl  in 
consideiable  quantities  on  the  fertile  bottoms  of  the  Dan,  Smiths,  and 
Mayo  rivers. 

Above  Smiths  river  are  several  unimportant  tributaries  to  the  Dan, 
on  some  of  which  are  small  mills.  They  are  similar  in  character  to 
the  other  tributaries  below  Smiths  river.  On  Cascade  creek,  a  small 
stream  entering  from  the  north  below  Smiths  river,  Dr.  J.  G.  Brod- 
neax  has  a  small  saw-  and  grist-mill,  and  a  very  good  small  power, 
with  a  fall  of  15  or  16  feet.  Timber  is  very  cheap  in  this  vicinity, 
and  wooden  dams  can  be  erected  at  very  small  cost. 

THE  MAYO  RIVER. 

The  next  large  tributary  above  Smiths  river  is  Mayo  river,  from  the 
north,  a  stream  which,  like  Smiths  river,  takes  its  rise  on  the  eastern 
slope  of  the  Blue  Kidge,  in  the  western  part  of  Patrick  county,  Virginia, 
and  which,  after  flowing  in  a  general  southeasterly  direction  through 
Patrick  county  and  a  comer  of  Henry  county,  Virginia,  and  Rocking- 
ham county,  Xortli  Carolina,  joins  the  Dan  a  little  below  Madison,  and 
just  above  Robersoii's  fish-trap  shoal.  Its  length,  in  a  straight  line, 
is  about  55  miles,  and  along  the  general  course  of  the  stream  about  60 
miles,  but  probably  considerably  more  if  all  of  its  windings  are  fol- 
lowed. The  only  town  on  the  stream  is  Taylorsville,  the  county  seat 
of  Patrick  county.  Its  total  drainage  area  is  about  350  square  miles, 
of  which  60  square  miles  are  above  Taylorsville,  and  its  principal  tribu- 
tary is  the  Xorth  Mayo,  from  tlie  north,  draining  about  90  square  miles. 
Its  drainage  basin  is,  in  all  respects,  similar  to  that  of  Smiths  river. 
The  fall  of  the  stream  is  considerable,  but  it  is  said  to  be  more  uniform 
than  that  of  either  the  Dan  or  Smiths  river,  and  wdth  not  so  many 
rapids  and  falls.  The  bed  is  rock  almost  everywhere,  the  banks  high, 
and  not  many  low  grounds  subject  to  overflow.  In  the  absence  of  gaug- 
iiigs  no  estimates  as  to  the  possible  available  water  will  be  given. 
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The  first  power  on  the  Mayo  river  met  with  in  ascending  the  stream 
is  located  about  1^  miles  above  its  mouth  and  about  2  miles  from  the 
town  of  Madison.  There  is  here  a  shoal  which,  in  2^  miles,  has  a  fall 
of  63.41  feet,  divided  about  equally  between  what  may  be  considered 
as  two  shoals.  The  lower  of  these  shoals  is  the  site  of  the  Mayo  mills, 
containing  23,000  mule  spindle^  and  51  revolving  top  cards,  manu- 
facturing unden\'ear  and  hosiery  yams,  and  using  about  400  horse- 
power, obtained  from  water  alone  for  the  entire  year,  and  there  is  said 
to  be  a  large  amount  of  surplus  water. 

The  dam,  which  is  located  some  distance  below^  the  top  of  this  lower 
shoal,  is  a  timber  crib  structure  with  stone  abutments  12  feet  high  and 
470  feet  long,  backing  the  water  about  one  mile.  The  bulkhead  is  of 
brownstone,  laid  in  cement,  and  is  150  feet  long  and  6  feet  thick  at  the 
urates.  The  head  race  is  3200  feet  long,  with  a  cross-section  of  190 
square  feet  below  the  water  surface,  built  partly  in  excavation  and 
partly  in  embankment,  and  gives  a  head  of  35.32  feet  at  the  mill. 
The  water  is  delivered  to  a  pair  of  30-incli  McCormick  turbines  on  a 
horizontal  shaft,  said  to  be  capable  of  developing  846  horsepower 
under  a  head  of  36  feet.  There  is  also  a  turbine  of  20  inches  diameter, 
working  under  the  same  head  as  the  main  wheels  and  developing  100 
horsepower,  used  for  the  lighting  plant,  fire  pump,  etc.  There  is  said 
to  be  very  little  trouble  from  high  water  here. 

The  upper  part  of  this  shoal  (or  upper  shoal)  can  be  developed  by 
building  a  dam  above  the  pond  of  the  Mayo  mill,  and  thus  another 
valuable  power  w^ill  be  rendered  available  for  operating  a  separate  mill 
or  the  power  here  developed  may  be  transmitted,  electrically,  to  the  mill 
already  constructed. 

About  2  miles  further  up  the  stream  is  a  flour-mill,  and  above  there 
are  other  small  ones.  There  is  very  little  bottom-land  on  the  river  for 
some  six  miles  from  its  mouth,  and  the  fall  in  that  distance  is  very 
considerable,  ledges  of  rock  crossing  the  stream  all  the  way.  Above 
tins,  however,  the  stream  is  flat  for  15  or  20  miles,  and  the  facilities 
for  power  are  not  so  good. 

Above  the  Mayo  there  are  several  small  creeks  flowing  into  the  Dan, 
some  of  whicli  have  power  used,  and  all  of  which  have  considerable 
available.  They  are  good  streams  for  power,' and,  so  far  as  we  can 
learn,  are  not  subject  to  such  great  variations  in  flow  as  those  farther 
east.  The  powers  they  afford  are  small,  but  sufficient  to  run  small 
grist-  and  saw-mills — sufficient  for  the  needs  of  the  people.  Being 
easily  dammed,  and  having  considerable  fall,  they  are  preferred  to  the 
Dan  river  for  small  powers.     The  most  important  tributary  above  the 
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Mayo  is  Town  fork,  which  joins  the  Dan  just  above  Shoe-Buckle  island 
shoal,  but  regarding  it  or  the  other  tributaries  above  we  have  no  detailed 
information. 

All  of  these  tributary  creeks,  as  well  as  the  Dan  river  itself,  are 
subject  to  sudden  and  quite  heavy  freshets,  but  they  have  so  much  fall 
that,  in  general,  not  much  damage  is  done,  although  on  the  Dan,  even 
above  Danville,  there  are  many  bottoms  which  are  overflowed  at  times. 
The  freshets  are,  in  general,  short,  lasting  usually,  it  is  said,  only  four 
or  five  days. 

Finally,  it  may  be  said  of  all  the  valley  of  the  Dan,  and  particularly 
of  the  upper  part,  that  the  climate  is  exceedingly  salubrious  (much 
more  so  than  in  the  lower  part  of  the  valley  of  the  Roanoke  river)  the 
soil  is  fertile,  and  the  people  industrious  and  hospitable.  The  advan- 
taires  for  manufacturing  are,  in  every  respect,  excellent. 
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Name  of  stream. 


Tributory 
to  what.    I 
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County. 


Kind  of  mill. 

1 

1 
1  1  . 

^l 

'^ 

1  oS 

as 

'  H 

HoHDoke  river |All)emarle 


Tributaries  of. 


sound  ...  N.Carolina.  Bertie 

Do do Northampton 

Do do Halifax 

Do do do 

Do do do 

Do Vlrginlii  . . .  Mecklenburg 

Do ' do , do 

Roanoke 

river  .... 'N.  Carolina.  Washington. 


Dan  river . 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Hyco  river. 


Bannister  river. 
Smiths  river 


Mayo  river 

Other  tributaries  of 


Do 

Dan  river  . 

Do 

Do..*.... 

Do 

Do 

Do 

Do 

Do 

Do 

f*o 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

no 

Do 

Do 


•I- 


do i  Bertie 

do do 

do Martin 

do do 

do Northampton 

do Warren 

do ' do , 

do , Granville  .... 

do do 

do , do 

Virginia  ...  Mecklenburg 

do do 

do I do 

do Halifax 

do Pittsylvania  . 

do ' do 

do do 

N.  Carolina,  i Stokes 

do j  Person 

do ' do 

do 'Caswell 

VirKinia....  [Halifax 

do I do 

do I  Pittsylvania . 

io iHalil^ax 

do , do 

do do 

S.  Carolina. '  Rockingham . 

do do 

do do 

do do 

do do 

do do 

Virginia....  Henry 

do do 

do Patrick 

N.Carolina.  Rockingham. 

do I do 

VI  ririnla....' Patrick 

N.Carolina.  Granville  .... 

do do 

do Person 

do do 

'lo Caswell 

.  ...do do 

do I do 


do I  Rockingham . 

do , do 

do do 


Do 
Do 
no 

Do I do Istokes 

Do do do. 

Do I  Virginia. . . . '  Halifax 

Do I do I do. 

Do I do do. 

Do do I do. 


Saw 

Flour  and  grist  ' 

Gristmill 

Grain  elevator . 
Cotton-seed  oil. 
Flour  and  grist 
Saw 

Flour  and  grist 

do..." ! 

Saw 

do 

Flour  and  grist 

do...: 

do 

Saw 

Flour  and  grist 

Tobacco  

Saw 

do 

Flour  and  urist 

Cotton-gin 

,  Flour  and  grist 

do 

Saw  and  plan^g- 
, Foundry  and 

machine  shop 
Flour  and  grist , 

I do , 

Saw 

Flour  and  grist ' 

do 

Raw 

Flour  and  grist 

do 

Saw 

Tobacco  

Cotton  factory., 

do ..' 

Woolen  factory 
Flour  and  grist 

Saw 

MUlwrlghtlng.. 
Flour  and  grist 

Saw 

Flour  and  grist 

do 

Cotton  mill 

do 

do 

Saw 

Saw 

Flour  and  grist 

do 

Saw.... 

Agrieultuial 

Implements .. 
Flour  and  grist 

Saw 

Blacksmithing .  i 
Flour  and  grist  i 

Saw I 

Flour  and  grist  i 
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implements . .  | 


iFeet. 


16 

4fiJ 

45  V 

45( 

lU 

lU 
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,  31 
I  21 
'    26 

I      7 

1    17 

I  26 
I  26 
<    41 

I  24 
I  45 
10 


10 

ao 

23 
96 
19 
12 


2 

20 

60 

3 

1    46 

83 

1 

,    13 

20 

1 

20 

20 

1 

25 

1 
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id 

3 

46 

40 

2 

33 

30 
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65 

6 

;  80 

92 

14 
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8 
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2 

'    32 

30 

12 

'  16flS 
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» 

1  120-1- 
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1 

1     10 

6 

18 

'  264 
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7 

1    96^ 
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19 
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:^ 

11 

1  243 

m 

1 

1      ** 

8 

3 

37 

24 

90 
76 


41 
41 


22 

67 


,     18 

34  >^ 
>    16 
.    19 

29 
I    29 

111 
I  54 
1  178S'  163 

10 

110 


178 

82 


171 
Sil 
16 
60 
65 
50 

70 


84 

26 

44 

35 

20 

40 
148 

20 

18 
800 
136 

50? 

50 

20 

35 


^  Mainly  from  10th  census  returns. 
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KOANOKE  RIVER  AN©  TRIBUTARIES— TABLE  OF  POWER    UTILIZED.*— CkWltinu^l. 


Name  of  stream. 


Staunton  . 


Little  Roanoke 

Falling  creek 

Otter  river 

Goose  river 

Pig  river 

Blackwater  river . . . 
Other  tributaries  of 


Tributary 
to  what. 


Dan  river . 

Do 

Do 

Do 

Do 


Do 

Do 

Roanoke.. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Staunton  . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do...... 


State. 


Virginia. 

do... 

do... 

do.  . 

do... 


do.. 

do.. 

do.. 

...  .do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

..  ..do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

....do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do. 

do. 


County. 


Pittsylvania 
Henry 

v.'.'.'.do'.y.y.v. 


do 

Patrick 

Halifax 

do 

Charlotte  .... 

Campbell 

Bedford 

do 

Pittsylvania . 

Roanoke  

do 

Montgomery. 

do 

do 

Charlotte 

do 

Campbell 

Appomattox . 

do 

Bedford 

do 

do 

Campbell 

Bedfbrd 

do 

Franklin 

do 

do 

do 

Halifax 

Charlotte 

do 

Campbell 

do 

Bedford 

do 

Pittsylvania  . 

Franklin 

do. 
do. 


.do Roanoke  . 

.do I do.... 

.do do — 

.do I do. 


do Montgomery . 


Kind  of  mill,   i  ,^ 

'  o 

I  o 

I  2S 


Flour  and  grist 

Saw 

Flour  and  grist 

Saw 

Agricultural 
Implements  .. 

Leather 

Flour  and  grist 

do...:..... 

Saw 

Flour  and  grist 

do...:..... 

do 

Saw 

...do 

...do 

Flour  and  grist 

do 

Saw 

Furniture 

Flour  and  grist 

Saw 

Foundry  

Flour  and  grist 

do 

Saw 

Flour  and  grist 

Saw 

Woolen 

Flour  and  grist 

do 

Saw 

Flour  and  grist 

Saw.         

Flour  and  grist 

Saw 

Flour  and  grist 

do 

Paw 

Flour  and  grist 

Flour  and  giist 

Saw 

Flour  and  grist 

Saw 

do 

Flour  and  grist 
Wheel  wright'g 
Flour  and  grist 

Saw 

Foundry 

Fertilizers 

Flour  and  grist 


3 

1 
6 

10 
2 
8 
2 

15 

10 
1 
2 
6 

21 
1 

12 
8 
1 
1 
2 


I   i1 

3|    it 


Feet. 

807 

77 


142 

17 

16 
15 
6 
14 
10 


413 

W 
241 
121 

30 

6 
15 
12 
15 
25 


14^ 

135 

18 

20 

8 

7 

14 

12 

10 

16 

ao 

60 

25 

45 

20 

io 

6 

10 

« 

7    ' 

18 

10    1 

20 

35    ' 

T9 

12    1 

25 

12    1 

25 

M    1 

43 

45    1 

35 

2  I  25 

77  I  93 

58  32 

..  I  62 

16  I  25 

28  22 

9  I  20 


86 

HI 

199 

22S 

41 

38 

lOR^ 

288 

S«)i 

00 

829 

253 

151 

138 

18 

12 

26 

36 

80 

50 

310 

307 

15 

4 

178 

252 

100 

105 

4 

15 
2S 


^  Mainly  from  10th  census  returns. 


CHAPTER  VI. 
THE  TAR  AND  NEUSE  RIVERS  AND  TRIBUTARIES.* 

THE  TAB  BIVBB. 

This  river  takes  its  rise  in  Person  and  Granville  counties,  North  Caro- 
lina, flows  in  a  southeasterly  direction  through  Franklin,  Nash,  Edge- 
combe, and  Pitt  counties,  and  empties  into  the  Pamlico  river,  in  Beau- 
fort, near  the  town  of  Washington,  its  length,  in  a  straigHt  line,  being 
about  120  miles,  and  by  the  river  perhaps  175.  The  principal  towns 
on  the  stream  are  Washington,  Greenville,  Tarboro,  Rocky  Mount, 
and  Louisburg.  Tarboro,  53  miles  from  Pamlico  river,  is  the  head 
of  navigation,  and  it  is  hoped  to  secure  ultimately  a  channel  3  feet  in 
depth  at  all  stages  of  the  water  up  to  this  point,  but  at  present  this 
depth  exists  only  during  nine  months  of  the  year.  The  obstructions  to 
navigation  consist  of  stumps,  snags,  fallen  trees,  and  artificial  obstruc- 
tions placed  there  during  the  war. 

The  river  drains  an  area  of  about  3000  square  miles,  the  greater  part 
of  which  lies  north  of  the  stream,  from  which  side  the  principal  tribu- 
taries— Swift  and  Fishing  creeks — enter,  draining,  respectively,  350 
and  760  square  miles.  The  stream  crosses  the  fall  line  at  Rocky  Mount, 
below  which  point  there  is  no  waterpower.  The  general  character  of 
the  drainage  basin  resembles  that  of  the  Roanoke.  The  leading  pro- 
ductions are  tobacco,  com,  and  cotton,  most  of  the  cotton  being  raised 
in  the  eastern  part,  and  most  of  the  tobacco  in  the  western.  There  are 
no  lakes  in  the  basin.  The  bed  of  the  stream  above  the  fall  line  is  rock 
in  places,  but  generally  sand,  clay,  gravel  or  mud,  the  declivity  of  the 
stream  being  quite  uniform.  Above  Rocky  Mount  the  bottoms  are 
narrower  than  on  the  Roanoke,  and  the  banks  are  generally  high  enough 
to  confine  the  river,  except  in  very  heavy  freshets.  Below  Rocky 
Mount  the  banks  are  often  overflowed,  the  river  rising  sometimes  25 
feet  at  Tarboro. 

The  average  annual  rainfall  on  the  basin  of  the  Tar  is  about  50 
inches,  but  above  the  fall  line  it  is  less — about  46  or  48  inches,  dis- 
tributed nearly  as  follows:  spring,  12;  summer,  14;  autumn,  10; 
winter,  11.     For  gaugings  on  this  river,  see  pages  294  to  297. 

» By  G.  F.  Swain  and  J.  A.  Holmes. 


116  THE   TAB   AND   NEUSE    BIVEBS    AND    TRIBUTABISS. 

The  fall  of  the  stream  below  Rocky  Mount  is  said  not  to  exceed  1 
or  1^  feet  per  mile,  making  the  total  fall  below  that  point  between  50 
and  75  feet.  The  elevation  of  the  stream  at  the  crossing  of  the  Raleigh 
and  Gaston  railroad  is  188  feet,  making  the  fall  between  that  point 
and  the  head  of  the  fall  at  Rocky  Mount  about  2  feet  to  the  mile  or 
less,  the  distance  being  in  the  neighborhood  of  60  miles. 

WATEEPOWER  ON  TAR  RIVER. 

Ascending  the  stream  the  waterpowers  met  with  are  as  follows: 
Rocky  Mount  Mills. — The  first  power  met  with  is  the  site  of  the 
Rocky  Mount  mills,  situated  at  the  fall  line  in  the  town  of  Rocky 
Mount  and  on  the  Atlantic  Coast  Line  railroad.  The  dam  extends 
entirely  across  the  stream  in  a  slightly  broken  line,  with  an  excellent 
rock  foundation.  It  is  built  of  granite,  600  feet  long  and  averages  11 
feet  high.  The  bed  of  the  river  is  of  solid  rock  and  the  banks  mod- 
erately high,  affording  a  safe  development.  The  race  is  191  feet  long 
and  the  fall  at  the  turbine-wheels  is  24  feet.  The  mills  are  three  in 
number,  and  contain  25,000  spindles,  using,  it  is  said,  about  1000 
horsepower,  developed  during  nine  months  of  the  year  by  water  alone; 
during  the  other  three  months  the  auxiliary  steam  plant  is  called  into 
service  to  supply  the  deficiency.  It  is  said  that  this  power  is  capable 
of  still  further  development  by  raising  the  dam  and  by  deepening  the 
tail  race.     (See  Plate  IV.) 

The  drainage  area  above  this  place  is  about  768  square  miles,  and  the 
mean  annual  rainfall  about  47  inches,  already  stated.  Daily  gaugings 
on  the  river  at  Tarboro  have  been  made  since  July  25,  1896  (see  p.  294), 
but  these  have  not  yet  been  continued  over  a  long  enough  time  to  per- 
mit of  waterpower  estimates  being  made.  The  total  available  fall  may 
be  taken  as  24  feet. 

Above  Rocky  Mount  the  river  is  sluggish  for  some  distance,  after 
which  the  fall  becomes  considerably  greater.  On  the  upper  part  of  the 
river  there  are  only  saw-  and  grist-mills,  and  there  are  no  sites  of  im- 
portance not  used,  although  on  the  upper  part  of  the  stream,  and  on 
its  tributaries,  tliere  are  many  places  where  power  could  be  obtained 
by  damming. 

Between  Rocky  Mount  and  Louisburg  there  are  two  small  grist-mills 
and  gins;  the  lower  one  a  small  mill  with  8  feet  fall,  the  dam  being 
215  feet  long  and  6  feet  high,  built  of  wood,  at  a  cost  of  $600,  and 
throwing  the  water  back  IJ  miles;  and  the  uper  one,  that  of  Mr.  N.  R. 
Strickland,  a  saw-  and  grist-mill,  with  a  dam  of  wood  and  stone  180  feet 
long,  7  feet  high,  and  costing  $1000,  and  backing  the  water  7  miles, 
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with  an  average  width  of  150  feet.  At  this  mill  a  fall  of  7  feet  is 
used,  and  about  50  horsepower,  net,  with  a  waste  of  water  all  the  time, 
except  in  times  of  extreme  drought. 

At  Louisburg  Col.  J.  F.  Jones  has  a  saw-  and  grist-mill,  flour-mill  and 
cotton-gin  using  8  feet  fall  and  running  full  capacity  all  the  time, 
with  water  wasting.  The  dam  is  of  rock,  180  feet  long  and  9  feet  high, 
throwing  the  water  back  2  miles,  with  an  average  width  of  150  feet;  a 
power  of  about  65  or  75  horsepower  is  said  to  be  used. 

Above  this  there  are  no  mills  of  importance.  It  will  be  seen  that  the 
waterpower  of  the  Tar  river,  other  than  that  at  Eocky  Mount,  does  not 
amount  to  much,  being  almost  all  obtained  by  damming,  and  there  being 
no  natural  fall  of  any  consequence  except  that  at  Rocky  Mount. 


Tar  bivir— Summart  of  Powir. 


Locality. 


2 
2 

a 

2 

o 
a 


Miles 
Rocky  Mount  mills..    20± 

Vlvarattrsmill 84:^ 

Strickland's  mill 46$ 

£x>ul8burff 75± 


Rainfall. 


I  Total  fall. 


!  "E 


Sq.  ms. 

768 

615 
566 


In. 


)-12 


d 

B 

a 

1 

u 

H 

'5 

d 

«i 

9 

3 
< 

^ 

In. 

In. 

In. 

In. 

14 

10 

11 

47 

2   I  5 
I  I    3 

Feet.  I  Feet 

r24    '  2,800 

I    7      .... 

I  8    i.... 


Horsepower 
available,  gross.' 


Utilized. 


336 

80 
66 
46 


a 


s      I  J 


'I 


,  Feet. 


408 
100 


461     1000«24.00 


115 
97 


8.00 

!    60',  7.00 
I    60    8.00 


TRIBUTARIES  OF  THE  TAR  RIVER. 
FISHING  CREEK. 

This  creek  is  the  first  important  tributary  of  Tar  river  met  with 
in  ascending  the  stream.  It  rises  in  "Warren  county,  forms  for  some 
distance  the  boundary  line  between  Halifax,  on  the  north,  and  Nash 
and  Edgecombe  on  the  south,  and  empties  into  the  Tar  in  the  latter 
county.  Its  length,  measured  in  a  straight  line,  is  about  50  miles,  and 
its  drainage  area  760  square  miles.  Its  only  tributary  worth  mentioning 
is  Little  Fishing  creek,  which  enters  from  the  north.  The  stream  crosses 
the  fall  line  near  Enfield,  and  the  general  character  of  its  drainage 
basin  is  the  same  as  that  of  the  Tar  river.  The  waterpower  of  the 
stream  is  not  extensive,  and  is  used  for  saw-  and -grist-mills,  cotton- 
gins,  and  one  cotton-factory. 


>  See  pa^es  54  to  59.    Also  pp.  294-297. 


>  During  9  months  of  the  year. 
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The  first  power  is  that  of  Dr.  J.  T.  Bellamy,  at  the  fall  line,  4  miles 
from  Enfield,  where  there  are  a  saw-  and  grist-mill,  gin,  and  cotton- 
yam  mill,  the  last  named  of  which  has  not  been  operated  for  several 
years  owing  to  the  antiquated  character  of  the  machinery  and  the  lack 
of  capital  for  more  modem  equipment.  The  dam  is  of  stone,  built  in 
3857,  at  a  cost  of  $9000,  and  is  168  feet  long  and  12  feet  high,  backing 
the  water  about  3  miles,  and  overflowing  some  200  acres  of  swamp 
land  to  an  average  depth  of  perhaps  7  or  8  feet.  At  one  end  of  the 
dam  is  the  cotton-factory,  and  at  the  other  the  saw-  and  grist-mills, 
all  using  a  fall  of  12  feet  and  a  total  of  about  50  horsepower,  of  which 
the  factory  formerly  used  perhaps  30,  with  a  turbine-wheel,  and  it  is 
said  with  always  a  waste  of  water.  The  drainage  area  above  this  place 
being  about  500  square  miles,  and  the  rainfall  47  inches,  the  avail- 
able power  is  estimated  to  be  at  least  60  horsepower  in  the  low  season 
of  dry  years,  70  in  the  low  season  of  ordinary  years,  and  twice  that 
amount,  or  more,  during  nine  months — these  powers  being  gross,  but 
doubtless  capable  of  being  increased  to  a  very  large  extent  by  drawing 
down  the  water  in  the  pond  during  working  hours.  This  site  is  4  miles 
from  the  railroad. 

The  next  power  is  that  of  William  Burnett,  6  miles  west  of  the  rail- 
road, at  Millbrook.  The  dam  in  1880  was  wood  (crib-work),  filled  with 
stone,  260  feet  long  and  8  feet  high,  backing  the  water  about  three- 
fourths  of  a  mile,  but  not  throwing  it  out  of  its  banks.  A  race  60 
feet  long  lead  to  the  mill — a  grist-  and  saw-mill — where  a  fall  of  5 
feet  (?)  was  used.  The  amount  of  water  in  the  stream  here  is  prob- 
ably about  the  same  as  at  Bellamy's.  If  the  available  fall  is  8  feet, 
the  available  power  is  therefore  about  two-thirds  of  that  at  the  latter 
place.     The  bed  of  the  river  here  is  rock,  and  very  favorable  for  a  dam. 

The  remaining  powers  on  this  creek  and  its  tributaries  are  not  worthy 
of  special  mention.  They  are  included  in  the  table  below.  The  grist- 
mills generally  have  one,  two,  or  three  run  of  stones. 

On  the  whole,  as  far  as  could  be  ascertained,  the  stream  is  not  of 
much  value  for  waterpower,  on  account  of  its  small  fall  and  its  variable 
flow.  We  heard  of  no  good  sites  not  used,  but  there  are  probably  places 
where  a  certain  amount  of  power  could  be  obtained  by  damming. 

SWIFT  CREEK. 

Swift  creek  rises  in  the  southeast  portion  of  Vance  county,  where 
it  is  called  Sandy  creek;  flows  through  Franklin,  Xash,  and  Edge- 
combe, joining  the  Tar  about  7  miles  above  the  mouth  of  Fishing  creek, 
its  length,  in  a  straight  line,  being  about  50  miles,  and  draining  an  area 
<)f  about  360  square  miles.  In  general  character  it  is  similar  to  Fish- 
ing creek,  but  is  said  to  be  more  sluggish,  and  to  have  lower  banks. 
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Its  waterpower  is  not  valuable,  and  we  heard  of  no  sites  not  occupied. 
The  power  utilized  will  be  found  in  the  table.  The  mills  are  saw-  and 
grist-ndlls,  cotton-gins,  and  one  cotton-yam  factory,  at  Laurel,  belong- 
ing to  Col.  J.  F.  Jones.  The  latter  is  the  most  important  of  the  utilized 
powers.  The  dam  is  of  wood  and  stone,  50  feet  long,  5  feet  high,  back- 
ing the  water  one  mile,  and  giving  a  fall  of  12  feet,  with  a  race  60  feet 
long.  The  power  is  used  for  a  grist-  and  saw-mill,  and  for  a  cotton- 
yarn  factory,  with  650  spindles,  using  perhaps,  in  all,  40  or  50  horse- 
power. 

The  remaining  tributaries  to  the  Tar  river  are  of  no  importance,  and 
the  only  mills  on  them  are  small  saw-mills  and  grist-mills  with  one  or 
two  run  of  stones.  The  smaller  streams  nearly  dry  up  in  summer,  and 
many  of  the  mills  have  to  stop  grinding.  The  table  for  the  utilized 
power  of  the  Tar  and  its  tributaries  is  compiled  from  the  returns  of  the 
enumerators: 


Table  or  Power  Utilizbd  o»  Tar  river  and  Its  Tributaribs— Principally 
FROM  Census  op  1880. 


FishiDgr  oreek Vdv  river  . 


Do 

Do 

Do I 

Swift  creek 

Do ! 

D> ; 

Do ' 

Do I 

Do I 

Other  tributaries  of. . 

Do 

Do , 

Do , 

Da 

Do  

Do 

Do 


do.. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


do 

do 

do 

do 

do 

do 

do 

do 

do 


N.  Carolina.  I  Nash Cotton  factory 

do I — do Klourand  grist. 

do — do I  Saw 

do I.  .do Cotton-gin 

do I  Franklin Flour  and  grist. 

do I ....  do iSaw 

do I  Qran  ville Flour  and  grist. 

•do '....do IvSaw 

•do I  Halifax Gorton  factory  » 

•do ....  do I  Flour  and  grist. 

.do I  —  do Saw 

.do Warren i  Flour  and  grist 

.do I  Bdgecombe  . .  i do 

.do Nash I do 

•do I  Franklin i do 

.do j  — do Saw 

•  do —  do jOotton  factory 

.do !  Warren Flour  and  grist. 

.do Pitt I do 

.do I do   Saw 

.do Edgecombe  ..I  Flour  and  grist. 

.do |....do I'Jhw 

.do Halifax ;  Flour  and  grist 

•do Nash I do 

•do |....do .Saw 

.do '....do lAirricultural     I 

I  ,    implements. ) 

.do ....  do I  Cotton-  Kin 

.do I  Frnnklin ,  Flour  and  srrist. 

.do I — do 'Saw 

.do I — do iCotton-gin 

•  do do • —  Leather \ 

•  do [Warren i  Flour  and  grist. 

•  do I  —  do Saw I 

•  do I  Granville Flour  andirrist.l 

•  do I  —  do iSaw I 
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Feet. 

24 

1000' 

29^ 

85 

12 

30 

27 

22 

9 

40 

9 

25 

90 

loS 

05 

98 

12 

80 

19 

40 

19 

40 

100 

148 

7 

19 

3    I    80 
1         12    I 
1     I     12 


li 


85 
58 
15 
20 

211 
74 

•  84 
76 
49 
67 
96 
12 

12 

4 
234    I    251 


I    90 

I    29 

I    14 
35 


02 

I    27 


135 
22    I 

15  ; 

l<i6 

15    I 
133 

91 


I 


163 
18 
10 

112 
20 

186 

108 


*  Said  to  be  used  during  nine  months  of  the  year. 


» Not  now  operated. 
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THE  NBXTSE  BIVEH  AND  TBIBTXTAIUES. 

Draxnagc  Areas.  Square  miles. 

Neuse  river,  at  mouth 6,299 

Neuse  river,  at  New  Bern 4,250 

NeuBe  river,  at  Goldsboro 2,4.51 

Neuse  river,  at  Smlthfield 1,317 

Neuse  river,  at  Mllburny 996 

Neuse  river,  at  paper-mill 890 

Contentuea  oreek,  at  mouth 991 

Little  river,  at  mouth 326 

Little  river,  at  Lowell 195 

Flat  river,  at  mouth 166 

Little  river,  at  mouth 130 

Eno  river,  at  mouth 134 

The  Neuse  river  is  formed  in  the  northwest  comer  of  Wake  county, 
North  Carolina,  by  the  union  of  three  small  streams,  the  Eno,  Flat, 
and  Little  rivers,  which  themselves  take  their  rise  in  Person  and  Orange 
counties.  The  Neuse  flows  in  a  general  southeasterly  direction  through 
Wake,  Johnston,  Wayne,  Lenoir,  and  Craven  counties,  emptying  into 
Pamlico  sound  below  New  Bern,  its  general  course,  in  its  lower  and 
navigable  portion,  being  more  nearly  east.  It  forms  for  a  short  dis- 
tance the  boundary  between  Granville  and  Durham  counties,  and,  near 
its  mouth,  between  Pitt  and  Pamlico  on  its  left  and  lower  -Craven 
on  its  right  Its  length  above  New  Bern,  measured  in  a  straight  line, 
is  about  150  miles,  but  it  is  much  greater  following  the  river,  which  is 
very  tortuous  in  places.  The  principal  towns  on  the  stream  are  New 
Bern,  Kinston,  Goldsboro,  Smithfield,  and  Hillsboro,  the  last  being 
on  the  Eno.  The  head  of  navigation  on  the  river  is  Smithfield,  about 
160  miles  above  New  Bern,  and  the  government  has,  at  intervals,  been 
engaged  in  improving  the  river  up  to  this  point.  At  present  there  is  a 
navigable  depth  of  3  feet  as  far  as  Goldsboro  (97i  miles  above  New 
Bern)  during  eight  or  nine  months  of  the  year. 

The  area  drained  by  the  Neuse  comprises  about  5300  square  miles.  That 
part  above  New  Bern  measures  about  4250  square  miles.  The  prin- 
cipal tributaries  of  the  river  enter  from  the  north,  viz.  the  Contentnea . 
creek  (mouth  about  30  miles  above  New  Bern)  and  Little  river  (mouth 
just  above  Goldsboro,  97i  miles  above  New  Bern),  draining,  respec- 
tively, about  990  and  325  square  miles,  approximately.  The  river 
crosses  the  fall  line  near  Smithfield,  and  below  that  point  there  is  no 
waterpower.  The  fall  at  Smithfield,  however,  is  not  very  great,  and 
the  fall  line  is  less  prominent  than  in  the  case  of  the  Roanoke  and  the 
Tar,  the  ledge  of  rock,  forming  the  falls  at  Weldon  and  Rocky  Mount, 
sliowing  itself  only  very  slightly  on  the  Neuse. 

liclow  Goldsboro  the  river  flows  through  a  low,  heavily-timbered 
country,  and  is  very  like  the  Roanoke  in  general  character.  The  soil  is 
alluvial — clay,  sand,  and  marl;  the  banks  from  3  to  20  feet  high;  the 
country  covered  with  extensive  pine  forests  and  cypress  swamps,  and  the 
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staple  product  cotton.  Some  of  the  bottoms  have  been  reclaimed  by 
the  use  of  dikes.  Below  Contentnea  creek  the  banks  and  adjacent 
bottoms  are  only  a  few  inches  above  low  water,  and  the  floods  reach  a 
height  of  12  feet,  covering  large  areas.  The  channel  is  very  tortu- 
ous, cut-offs  are  often  formed,  and  the  navigation  difficult.  Above 
Smithfield  the  drainage  basin  presents  no  peculiarities  that  have  not 
been  referred  to  in  speaking  of  the  Soanoke  and  Tar.  The  map  will 
show  its  form  and  dimensions.  In  the  upper  part  of  the  valley  a  fine 
quality  of  granite  is  quarried,  and  in  the  lower  part,  not  far  above  New 
Berne,  a  marl  is  found  which  is  said  to  be  a  very  good  building-stone, 
being  quite  soft  when  quarried,  but  becoming  very  hard  on  exposure. 
In  fact,  there  is  no  lack  of  building  material  in  the  valleys  of  the  Neuse, 
Tar,  or  Koanoke. 

As  regards  bed,  banks,  and  freshets,  the  river  is  similar  to  the 
Roanoke,  except  that  the  bottoms  are  said  to  be  less  extensive  (above 
Smithfield)  and  the  freshets  not  so  sudden  nor 'violent,  seldom  endan- 
gering dams.  Trouble  with  ice  is  very  rare.  There  are  no  lakes  or 
artificial  reservoirs,  but  there  are  facilities  for  the  latter  on  the  upper 
tributaries. 

The  rainfall  is  49.8  inches — 12.18  in  spring,  13.99  in  summer,  11.35 
in  autumn,  and  12.28  in  winter,  approximately.  For  gaugings  on  this 
river  see  pages  297  to  300. 

The  fall  of  the  river  below  Smithfield  is  very  small,  its  elevation  at 
that  point  being  in  the  neighborhood  of  106  feet.  At  the  crossing  of 
the  Raleigh  and  Gaston  railroad,  some  35  miles  further  up,  the  eleva- 
tion is  about  175  feet,  making  the  fall  between  these  points  at  the  rate 
of  2  feet  to  the  mile.  Professor  Kerr  states  that  the  total  fall,  from 
the  northwest  comer  of  Wake  county,  about  32  miles  above  the  rail- 
road crossing,  to  tide,  is  about  340  feet;  it  seems,  however,  scarcely 
probable  that  the  fall  in  these  32  miles  can  be  at  the  rate  of  5.3  feet 
to  the  mile. 

WATERPOWER  ON  NEUSE  RIVER. 

The  first  site  for  power  in  ascending  the  river  is  at  Smithfield,  where 
are  to  be  found  the  lowest  rapids,  and  it  is  said  that  there  was  once  a 
mill  there,  although  it  is  now  gone.  Although  some  power  might  be 
obtained  at  the  place,  the  site  is  not  a  favorable  one.  The  river  at 
Smithfield  is  130  feet  wide,  and  the  natural  fall  is  but  slight. 

MiLBURNY. — The  next  site,  and  the  first  one  of  importance,  is  at  Mil- 
bumy  or  Neuse  mills,  about  25  miles  above  Smithfield  and  6  or  7  miles 
from  Raleigh,  formerly  improved,  but  at  present  idle.  There  is  an 
open  frame  dam  across  the  river,  8  feet  high  and  250  feet  long,  built 
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on  the  site  of  the  old  dam  which  was  constructed  years  ago  in  connec- 
tion with  the  old  papei^mill.  The  fall  is  11^  feet  at  the  site  of  the  old 
mill,  developing  about  300  horsepower  at  mean  low  water.  At  the 
present  time  this  power  is  not  utilized  except  for  running  a  dilapidated 
grist-mill,  which  requires  about  15  horsepower.  It  is  evident  that  the 
natural  fall  here  is  not  very  pronounced,  and  it  seems  strange  that  there 
is  no  large  fall  on  the  river  below  this  point.  It  is  probable,  moreover, 
that  power  might  be  got  below  by  damming,  but  it  is  said  that  there 
are  no  favorable  places  where  a  dam  could  be  built  without  trouble  by 
overflowing  land  above.  At  ililbumy  the  bed  is  solid  rock,  very  favor- 
able for  a  dam,  and  the  race  had  to  be  blasted  out.  The  banks  are 
abrupt  on  the  right,  but  not  so  much  so  on  the  left,  and  the  location  is 
said  to  be  a  safe  one.  The  power  was  formerly  used  by  a  paper-mill 
on  the  left  bank  and  a  grist-  and  saw-mill  on  the  other,  the  fall  utilized 
being  12^  feet;  but  the  paper-mill  was  burnt.  It  is  expected,  however, 
that  the  power  will  be  again  utilized  in  a  short  time. 

The  drainage  area  above  this  site  is  about  1000  square  miles.  Pro- 
fessor Kerr  gauged  the  river  at  low  water,  and  found  the  flow  to  be 
about  193  cubic  feet  per  second,  giving  a  power  of  22  horsepower  per 
foot  fall.  Gaugings  at  Selma  in  1897  by  the  Geological  Survey  gave 
a  flow  as  low  as  109  cubic  feet  per  second.  The  drainage  area  here  is 
given  as  1175  square  miles.  The  water,  at  the  time  of  this  gauging, 
stood  higher  than  it  did  at  some  other  times  during  the  year.  Estimates 
of  the  flow  and  power,  according  to  methods  already  referred  to,  result 
as  follows: 

Table  or  Power  at  Milburny.* 


state  of  flow. 


Drainage 
area. 


I 


I     Horse-         Horse- 


I    second.    ,     ^^^      j     ^^ 


(See  pages  54  to  59).  |  Sq.  Miles,  j      Feet.      |     ^-^l^     \  ^7Jr'  \  tllVAIl 

Minimum ')                                          f  160  '  .18.2  1  227 1 

Minimum,  low  season .  .  ^y^  iol      I  175  ,  Sii.O  I  2V0 ; 

I^owseason,  dry  years ^'^^i  J-**    ^  jqq  gi.g  or^  • 

"  Low  water,'' l>rofessor  Kerr J  |                       L  1«3  >  22.0  |  275. 

By  storing  the  water  during  the  night  this  power  could  be  greatly 
increased,  but  whether  such  storage  would  be  practicable  we  cannot  say, 
not  knowing  the  dimensions  of  the  pond. 

This  power,  as  before  remarked,  is  about  6  miles  from  Raleigh,  from 
which  point  railroads  diverge  in  four  directions. 

Falls  of  Xeuse. — The  next  power  on  the  river  is  the  paper-mill  of 
tlio  Kaleigh  Paper  Company.     Between  this  power  and  Milburny  there 

»  For  recent  m-^asurements  of  flow  on  Neuse  river,  see  pp.  297-300. 
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was  formerly  an  oil-mill,  but  the  dam  is  said  to  have  caused  so  much 
trouble  by  overflow,  and  so  much  sickness  in  the  vicinity,  that  the 
property  was  purchased  by  the  neighbors,  and  the  mill  torn  down. 
The  paper-mill  is  at  Falls  of  Neuse,  3  miles  above  the  Raleigh  and 
Gaston  railroad,  and  13  miles  north  of  Raleigh.  The  open  frame  dam, 
wliich  extends  entirely  across  the  river,  is  about  410  feet  long  and  6 
feet  high,  backing  the  water  about  10  miles,  the  depth  averaging  per- 
haps 8  feet.  A  race  1000  feet  long  leads  to  the  mill,  where  there  is  a 
fall  of  18  feet.  The  power  used  is  said  to  be  300  horsepower,  but  it  is 
evident  that  this  power  can  only  be  obtained  during  eight  or  nine  months 
of  the  year.  There  is  little  trouble  with  high  water.  The  dam  was 
repaired  a  few  years  ago,  but  there  is  still  some  loss  of  power  from 
leakage. 

The  drainage  area  above  this  place  is  about  890  square  miles,  and 
the  rainfall  42  to  44  inches.  Hence  the  power,  available,  per  foot, 
would  be  about  eight-tenths  of  that  at  Milburny,  or,  in  round  numbers, 
as  given  in  the  following  table: 


Tablk  of  Power  at  Falls  of  Neu8e.> 


State  of  flow.' 


(Seepa«re854to69.) 


J_ 


Drainage 
area. 


Sq.  miles. 


Minimum 1 

Minimum,  low  season '  > 

Low  season,  dry  years \S 


890 


Fall. 

Flow,  per 
second. 

Horse- 
I>ower. 

Feet. 

18 

Cubic 
feet. 

i            128 
<            140 
(            162 

Per  foot 
fall. 

14.5 
16.9 

n.2 

Horse- 
power. 


Per  18  feet 
fail. 


261 

28« 


Above  this  mill  the?re  are  no  powers  of  importance  on  the  river  so 
far  as  we  could  learn.  It  seems  strange  that  such  a  large  and  long  river 
sliould  offer  so  little  power,  especially  in  a  section  of  country  which 
abounds  so  largely  in  waterpower.  The  fact  that  there  is  no  power  on 
the  fall  line  is  also  remarkable. 

The  following  table  gives  a  summary  of  the  powers  on  the  river 
utilized  and  available: 


^  Accordlngr  t-o  all  we  could  learn  retfTardlng  this  power,  we  are  Inclined  to  reg'ard  those  esti- 
mates as  too  IsLTge,  being*  informed  that  it  is  sometimes  only  i^ossible  to  run  a  grist-mill  in 
summer  for  several  weeks  at  a  time.  But  the  dam  is  very  leaky,  and  it  may  be  that  ihci-e  are 
other  wmrces  of  loss. 

'  For  measurements  of  flow  on  Neuse  river,  see  pp.  29T-300. 
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Milburny '      25 

Falls  of  Neuse 38 

Sq.m. 

1,000 
890 
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[ll'    18 

In.!  In. 
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TRIBUTARIES   OF   THE   NEUSE   RIVER. 

Most  of  the  utilized  power  in  the  drainage  basin  of  the  Xeuse  is 
located  on  its  tributaries,  although  none  of  them  are  large  enough  to 
afford  very  large  powers. 

The  first  important  one  met  with  in  ascending  the  Xeuse  is  the  Trent 
river,  which  joins  the  Neuse  at  New  Bern.  The  drainage  basin  of  the 
Trent,  lying  entirely  below  the  fall  line  and  presenting  no  waterpower 
of  importance,  need  not  be  further  considered. 

CONTENTNEA  CREEK. 

The  next  important  tributary  is  Contentnea  creek,  from  the  north, 
draining  an  area  of  about  990  square  miles,  and  joining  the  Neuse  about 
30  miles  above  New  Bern.  This  stream  has  its  sources  above  the  fall 
line,  in  Franklin  county,  where  it  is  called  Moccasin  creek;  thence, 
flowing  in  a  southeasterly  direction,  it  forms  the  boundary  line  between 
Franklin  and  Nash  counties  on  the  north  and  "Wake  and  Johnston  on 
the  south,  flows  through  Wilson  and  Greene  counties,  and  finally  joins 
the  Neuse,  after  forming  for  6  or  7  miles  the  boundary  between  Pitt 
and  Lenoir  counties.  It  crosses  the  fall  line,  in  Wilson  county,  about 
at  the  point  where  it  changes  its  name  to  Contentnea;  but,  as  in  the  case 
of  the  Neuse,  there  seems  to  be  no  decided  fall  in  the  stream  at  this  point. 
Above  the  fall  line  it  partakes  of  the  general  character  of  Swift  and 
Fishing  creeks,  previously  described,  and  it  affords  no  waterpower  of 
much  importance,  the  declivity  being  gradual.  There  is  probably  power 
available  on  the  stream  which  can  be  utilized  by  damming  at  suitable 
places,  but  no  particular  sites  for  powers  were  brought  to  our  notice. 
The  tributaries  of  the  Contentnea  are  not  of  much  importance. 

LITTLE  RIVER. 

The  next  important  tributary  is  Little  river,  which  rises  in  Franklin, 
flows  southeast  through  Wake  and  Johnston,   joining  the  Neuse   in 


^  See  pages  64  to  50. 


'  See  statement  in  text  above. 
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"Wayne  county  2  or  3  miles  above  Goldsboro,  and  draining  an  area  of 
about  325  square  miles,  the  length  of  the  stream,  in  a  straight  line, 
being  nearly  60  miles.  The  drainage  basin  is  long  and  narrow,  and  the 
tributaries  of  no  consequence.  The  stream  crosses  the  fall  line,  but,  as 
in  the  case  of  the  Neuse,  no  particular  fall  occurs  at  that  place.  The 
products  of  the  basin  are  principally  corn,  cotton,  cereals,  vegetables, 
and  fruits,  and  the  soil  fertile,  generally  sandy  and  loamy. 
The  general  character  of  the  stream  does  not  differ  from  that 
of  the  tributaries  of  the  Tar.  The  banks  are  often  low  and  sub- 
ject to  overflow,  and  the  bed  is  generally  of  soft  material — mud,  sand, 
etc.  The  declivity  is  quite  uniform,  and  no  important  sites  for  power 
could  be  learned  of. 

At  Lowell,  about  where  the  stream  may  be  said  to  cross  the  fall  line, 
and  some  25  miles  from  its  mouth,  stood  the  cotton-factory  owned  by 
William  Egerton  till  1892.  This  was  burned  in  January,  1894,  and 
on  its  site  has  since  been  erected  a  com-  and  flour-mill.  The  power 
is  developed  by  a  wooden  dam  170  feet  long  and  9  feet  high,  giving  a 
fall  of  about  9  feet.  It  backs  the  water  4  miles,  with  an  average  width 
of  150  feet  and  an  average  depth  of  6  feet;  and  the  number  of  horse- 
power is  about  40,  which,  it  was  said,  could  be  obtained  at  all  seasons 
of  the  year.  The  drainage  area  above  the  place  being  about  195  square 
miles,  and  the  rainfall  about  48  inches,  we  have  estimated  the  minimum 
and  the  low-season  flow  in  dry  years  at  about  12  and  18  cubic  feet  per 
.second,  respectively,  and  the  available  power,  with  a  fall  of  10  feet, 
at  13  and  20  horsepower.  With  storage  during  the  night  these  figures 
oould  be  increased,  and  this  may  easily  be  done  if  the  pond  is  as  large  as 
friven  above.  Above  the  Lowell  mills,  on  Little  river,  are  only  small 
saw-  and  grist-mills.  The  waterpower  of  the  stream  may  be  said  to  be, 
in  general,  of  little  value. 

In  the  neighborhood  of  Goldsboro  there  are  several  small  spring 
streams  which  are  said  to  afford  quite  constant  powers,  but  none  of 
them  have  sufficient  capacity  to  run  any  but  very  small  mills.  Such 
are  Sleepy  creek  (mouth  10  miles  below  Goldsboro)  and  Falling  creek 
Cmouth  10  miles  above  the  railroad  bridge).  On  these  streams  large 
storage  can  generally  be  obtained,  and  the  power  resulting  from  the 
natural  flow  could  be  doubled  by  being  concentrated  into  twelve  hours. 

The  other  tributaries  of  the  Xeuse  below  the  junction  of  its  three 
headwaters  have  numerous  small  grist-  and  saw-mills  and  occasionally 
a  paper-mill,  all  of  which  are  here  tabulated.  Most  of  these  mills  have 
to  stop  during  the  dryest  seasons  of  the  summer  on  accoimt  of  low 
water. 
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Flat  river y  the  most  northerly  of  the  three  headwater  streams  referred 
to,  rises  in  Person  county  and  flows  southeast  through  a  comer  of  Dur- 
ham, having  a  total  length  of  some  25  miles  in  a  straight  line.  It  drains 
an  area  of  about  166  square  miles,  being  the  largest  of  the  three  streams, 
has  a  considerable  fall,  and  is  well  suited  for  the  development  of  small 
powers.  The  power  utilized  is  given  in  the  table.  The  power  available 
we  cannot  estimate.  One  of  the  best  powers  in  this  vicinity  is  reported 
to  be  at  and  just  below  the  com-  and  flour-mill  of  Mr.  E.  R.  Moore  in 
Person  county  and  near  the  Durham  county  line. 

Little  river  is  the  second  of  the  three  headwaters.  Rising  in  Orange 
county,  with  perhaps  a  few  branches  in  Person,  and  flowing  a  little 
south  of  east  through  the  northern  part  of  Orange,  with  a  total  length, 
in  a  straight  line,  of  some  20  miles,  it  drains  an  area  of  about  130  square 
miles.  None  of  these  streams  are  very  tortuous.  Little  river  has  the 
same  general  character  as  Flat  river,  and  its  power  is  utilized  by  saw- 
and  grist-mills,  and  by  one  cotton-factory,  that  of  the  Willard  Manu- 
facturing Company.  This  factory  contains  80  looms  and  1600  spin- 
dles, operated  from  two-thirds  to  three-fourths  of  the  year  by  water- 
power  alone,  the  stream  furnishing  about  60  horsepower  for  12  hours; 
and  during  the  remainder  of  the  year  it  is  operated  by  water  and  steam 
combined.  The  dam  is  21  feet  high  and  126  feet  long,  backing  the 
water  about  one-half  mile.  This  gives  a  fall  of  22  feet  at  the  end 
of  a  race  1200  feet  long.  In  summer  there  is  no  waste  of  water,  but 
in  winter  it  generally  flows  over  the  dam.  The  flow  of  this  stream  at 
its  mouth  is  estimated  to  be  at  a  minimum  about  5,  and  at  its  low-season 
flow,  in  dry  years,  18  cubic  feet  per  second,  giving  powers  of  12  and 
44  horsepower,  with  fall  of  22  feet. 

Eno  River. — The  most  southerly  of  the  three  headwaters  of  the  Neuse 
is  the  Eno,  rising  in  the  northwest  comer  of  Orange  county,  flowing 
first  nearly  south  and  then  nearly  east  through  the  county,  having 
a  length  of  about  25  miles  in  a  straight  line,  and  draining  an  area  of 
about  134  square  miles.  It  is  similar  in  character  to  the  others,  and  its 
power  is  used  only  by  grist-  and  saw-mills,  some  of  which  are  obliged 
to  stop  in  the  summer.  At  Hillsboro  the  stream  is  about  50  feet  wide, 
and  will  probably  afford  not  more  than  8  or  9  cubic  feet  per  second  in 
dry  years  during  the  low  season,  and  probably  less,  or  about  1  hors^ 
power  per  foot  fall.     The  utilized  power  is  given  in  the  table. 

It  will  be  seen  that  the  N euse  river  possesses  a  small  amount  of  water- 
power  for  a  stream  of  its  size  in  this  part  of  the  coimtry.  The  lower 
parts  of  the  river  and  the  tributaries  below  the  Raleigh  and  Gaston 
railroad  are  not  very  favorable  for  power — ^the  river  on  account  of  its 
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gradual  fall  and  low  banks,  and  the  tributaries  because  of  the  consid- 
erable variability  in  their  flow.  Exceptions  are  found  in  the  case  of 
some  tributaries  not  far  below  the  fall  line,  which  are  fed  by  springs 
and  keep  up  quite  well  during  the  summer,  belonging,  in  fact,  to  the 
class  of  sand-hill  streams,  of  which  we  shall  meet  more  noticeable  exam- 
ples in  the  case  of  the  tributaries  to  the  Cape  Fear  and  Yadkin.  The 
tributaries  in  the  upper  part  are  more  favorable,  have  a  greater  fall, 
higher  banks,  and  are  probably  not  so  variable  in  their  flow.  Still, 
there  are  no  such  sites  for  power  on  the  Neuse  river  as  are  found  on  the 
Roanoke,  Tar,  or  on  streams  farther  south. 

Nedbs  river  and  Tributaribs— Table  or  Power  Utilized.^ 


Name  of  stream. 


Tributary  to 
what. 


Neuse  river Pamlico  sound 

Do ....do 

Do I.... do 

Conteiitneaor*k(Moccasin)iNeuse  river ... 
Do '....do 


Do ....do 

Do do 

Do ....do 

All  tributaries  to Contentnea  o'k 

Do do 

Do ....do 

Do I.... do 

Do ....do 

Do do 

Do ....do 

Do |....do 

Littje  river jNeuse  river 


Do. 
Do. 
Do. 


All  other  tributaries  to . . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Flat  river  and  tributaries 

Do 

Do 

Do 

Little  river  and  tributaries 

Do 

Do 

Do 

Bno  rtver  and  tributaries 

Do 


do. 
....do. 
....do. 
...  do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
...do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
...do. 
....do. 


state. 


N.  Carolina. 

.  do 

.  do 

.  do 

....  do 

.do 

do 

.  do 

•  do 

.  do 

.  do 

do 

.do 

.  do 

.  do 

do 

.  do 

.  do 

.  do 

•  do 

do 

.  do 

•  do 

.  do 

do 

.  do 

..do 

.  do 

.  do 

.  do 

.  do 

.  do 

.  do 

.  do 

.  do 

.  do 

.do 

.  do 

.do 

.  do 

do 

.  do 

.  do 

.  do 

.  do 

.  do 

.  do 


County. 


Wake 

.  do.... 

.do.... 
Wilson.... 

.do  .... 

.do.... 
Johnston  . 

.  do.... 
Greene  ... 
Wilson.... 

.do  .... 

.  do.... 
Wayne.... 
....  do  .... 
Nash  ..... 

.  do... 
Johnston  , 

.do... 

.  do.... 

Wake 

Wayne.... 

.  do  .... 

•  do  .... 
Johnston 
....  do  ... 
....  do... 
Pamlico  . 

Jones 

Craven... 
....  do  ... 
Lenoir ... 
Wake  .... 
....  do  ... 
....  do  ... 
Franklin 
Granville 

.  do  ... 
Oranffe... 
....  do... 
Person . . . 
. . . .  do  . . . 
Oranire... 

.  do  ... 

.  do  ... 

.  do  ... 

.  do  ... 

.  do  ... 


Kind  of  Mil). 


Paper 

Flour  and  grist 

.do ;.... 

.do 

Saw 

Cotton-gin 

Flour  and  grist. 

Saw :..... 

Flour  and  grist. 
....do....:..... 

Saw 

Cotton-gin 

Flour  and  grist. 

Saw 

Flour  and  grist. 

Saw 

Flour  and  grist, 

Saw 

Gristmill 

Saw 

Flour  and  grist. 

Saw 

Woolen 

Agric'lt'l  Imp'ts 
Flour  and  grist. 

Flour  and  grist. 

.do 

.do 

Cotton-gin 

Flour  and  grist 

....do 

Saw 

iWoolen 

Flour  and  grist. 

....do 

|3aw 

Flour  and  grist. 

Saw 

....do 

....do 

...do 

....do 

Box 

I  Cotton-factory. 
Flour  and  grist. 
iSaw 


.is  s! 

'H    .  _      crt  k 

o  13  |5«> 


iFt. 


18I300« 
10,  20 

81  20 
2B  79 
16   60 

6  8 
17107 
321  70 
681 146 
481100 
]6|  46 
82,  48 
17'  12 

81  18 
.•  .1  22 


14  77 
16'  40 
Q|  40 
14  16 
60l]20 
10;  10 


2 
1' 
21. 
2i. 

si 
il 

2i 

l\  8j  20 
18  183  206 
8  89>  86 
II  8,  20 
3|  8»,  70 
1       8l     4 

l' 

8i    27   86 

28  800:897 

8!  120183 

...I  16 

201  16 

49'  72 

18'  80 

6O1IOO 

12   20 

61146 

...IIM 

65,  48 

861  90 

...|    6 

.,    22   60 

18  271  858 

41    60^  66 


1, 

II 

f 

41 

II. 


*  Compiled  mainly  from  returns  of  10th  census. 


»  See  p.  128. 


CHAPTER  VII. 
THE  CAPE  FEAR  RIVER  AND  TRIBUTARIES/ 

THE  CAP£  TEAR  BIVEB. 

This  river,  formed  by  the  junction  of  the  Haw  and  Deep  rivers  in 
Chatham  county,  Xorth  Carolina,  flows  in  a  southeasteriy  direction 
through  Harnett,  Cumberland,  Bladen,  and  Brunswick  counties,  and 
for  a  short  distance  between  Brunswick  and  New  Hanover,  and  empties 
into  the  Atlantic  at  Cape  Fear.  Its  length,  in  a  straight  line,  is  about 
125  miles,  and  by  the  river  about  192.  The  principal  towns  on  the 
stream  are  Wilmington,  30  miles  from  the  mouth;  Elizabethtdn,  the 
county-seat  of  Bladen  county;  Fayetteville,  the  county-seat  of  Cumber- 
land county;  Averasboro,  and  lillington  (the  county-seat  of  Harnett 
county) — the  two  latter  being  small  towns  of  a  few  hundred  inhabitants. 
Fayetteville  is  the  head  of  navigation  for  steamers  of  light  draft,  its 
distance  from  the  sea  being  160  miles  by  the  course  of  the  stream.  Con- 
siderable money  has  been,  and  is  being,  spent  by  the  government  for 
the  improvement  of  the  navigation  of  the  river  below  Wilmington,  which 
is  a  port  of  entry,  and  present  project  contemplates  the  securing  of  a 
navigable  depth  of  20  feet  at  mean  low  water  up  to  that  city;  but  by 
taking  proper  advantage  of  the  tides  ships  drawing  21  feet  can  easily 
reach  that  point.  The  average  range  of  the  tides  at  Southport,  at  the 
mouth  of  the  river,  is  about  4  feet.  The  entrance  across  the  bar  to  the 
harbor  at  Southport  can  be  made  by  vessels  drawing  25  feet  at  spring 
tides. 

By  a  series  of  locks  and  dams  the  river  was  formerly  made  navigable 
up  to  the  confluence  of  the  Haw  and  Deep  rivers,  and  the  works  were 
carried  for  some  distance  up  the  Deep  river.  These  old  navigation 
works,  like  those  on  the  Roanoke,  were  never  successful  from  a  financial 
point  of  view,  and  before  long  went  into  disuse,  and  were  abandoned. 
Between  1S72  and  1S74,  however,  a  part  of  the  works  were  again  put 
in  order,  and  navigation  again  opened  between  Battles  dam  and  Car- 
bonton,  and  kept  open  for  several  years  successfully.     But  at  present 

>  By  G.  F.  Swain  and  J.  A.  Holmes. 
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they  have  again  paased  into  disuse,  and  are  practically  abandoned  so  far 
as  navigation  is  concerned/ 

The  total  area  drained  by  the  Cape  Fear  is  about  8400  square  miles, 
of  which  the  Deep  river  drains  1350,  the  Haw  river  1675,  and  the  Cape 
Fear  proper  5375.  The  principal  tributaries  of  the  river  below  the 
forks  are:  From  the  east,  in  order  as  the  river  is  ascended,  the  North- 
east Cape  Fear  river,  draining  1330  square  miles,  and  entering  the 
Cape  Fear  about  20  miles  above  its  mouth;  the  South  river,  draining 
about  1430  square  miles,  and  joining  the  main  stream  about  30  miles 
from  its  mouth;  and  from  the  west,  in  the  same  order,  Rockfish  creek, 
draining  280  square  miles,  and  emptying  10  miles  below  Fayetteville; 
Lower  Little  river,  draining  448  square  miles,  and  emptying  about  25 
miles  above  Fayetteville;  and  Upper  Little  river,  draining  about  176 
square  miles,  and  emptying  about  30  miles  above  Fayetteville. 

The  drainage  basin  of  the  Cape  Fear  proper,  without  the  basins  of 
the  Deep  and  Haw,  resembles  that  of  the  Roanoke.  The  river  is 
crossed  by  the  fall  line  near  Averasboro,  about  27  or  28  miles  above 
Fayetteville,  giving  rise  to  Smileys  falls,  which  is  yet  to  be  described. 
The  map  of  the  basin  will  show  its  form  and  general  dimensions.  The 
elevations  of  the  watersheds  between  the  Cape  Fear  and  the  adjacent 

»  The  Cape  Fear  Navifiratlon  ComiMny  was  first  chartered  by  the  state  In  1798,  with  a  capital 
of  |W,000.  In  1816  additional  prlvllefirea  were  granted,  and  authority  ^ven  to  Increase  the  capi- 
tal stock  to  $100,000.  Althouarh  the  money  was  expended,  no  useful  result  was  accomplished,  and 
in  1848-49  a  new  company  was  organized,  with  a  capital  of  $300,000,  which  was  afterward  In- 
creased to  $960,000,  the  state  subscrlblnfir three-fifths  of  the  whole  amount.  Sur^'eys  were  made, 
but  the  cost  of  the  works  which  were  entered  upon  exceeded  the  estimates,  and  although  a 
steamer  did  once  pass  over  the  whole  route  between  Fayetteville  and  Carbonton,  on  Deep  river, 
the  company  was  never  able  to  keep  the  locks  and  dams  in  a  condition  requisite  to  secure  un- 
interrupted communication.  The  failure  of  these  works  was  partly  due  to  bad  engineering  in 
the  location  of  the  dams,  it  being  difficult  to  secure  their  ends  agalast  the  action  of  freshets. 
The  amount  expended  by  the  last  company  was  about  $360,000.  (Annual  Report  Chief  of  Engi- 
neers, 1873,  pp.  743-4.)  The  work  was  finally  abandoned  when  the  war  broke  out,  and  subse- 
quently the  works  were  in  a  measure  destroyed,  in  part  by  natural  causes,  and  in  part  intention- 
ally. In  1868  the  state  appropriated  the  works  to  the  Raleigh  and  Augusta  Air  Line  railroad 
(then  Chatham  railroad),  but  they  were  afterward  bought  by  some  parties  who  organized  as  the 
Deep  River  Manufacturing  Company.  A  little  later,  the  Lobdell  Car-wheel  Company  having 
bought  an  interest  in  the  company,  and  also  the  Endor  furnace,  the  works  were  again  put  in 
order  from  Battles  dam  up,  in  the  years  1872  to  1874,  for  the  purpose  of  supplying  the  Endor  fur- 
naces with  the  Buckhorn  ore,  for  which  there  was  no  convenient  ^transportation  except  by 
water.  Navigation  was  kept  open  for  several  years  successfully,  although  the  company  has 
carried  on  no  traffic  since  1878.  In  that  year  the  Deep  River  Manufacturing  Company  was  con- 
solidated with  the  Cape  Fear  Iron  and  Steel  Company,  under  the  new  name  of  ''  The  American 
Iron  and  Steel  Company,"  but  the  furnaces  were  stopped,  owing  to  the  depression  in  the  iron 
business,  and  this,  of  course,  put  an  end  to  the  navigation,  which  was  confined  to  that  carried 
on  by  the  company,  no  local  trade  having  been  built  up,  the  single  steamboat  owned  by  the  com- 
pany being  no  more  than  sufficient  for  their  own  wants.  Subsequent  to  1878  the  boat  was  run 
whenever  a  paying  trip  could  be  made,  but  not  regularly,  and  no  trips  have  been  made  since  1880. 
The  boat  has  disappeared,  and  with  it  all  expectation  of  navigation  on  the  river.  It  is  now  the 
intention  of  the  owners  of  the  locks  and  other  old  works  at  Lookvllle  and  other  places  to  de- 
velop waterpowers  wherever  possible. 
9 
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rivers  are  not  very  great,  and  the  tributaries  do  not  afford  much 
power,  except  in  places  where,  by  damming,  the  water  can  be  thrown 
back  for  considerable  distances  and  considerable  storage  room  obtained; 
but  the  fall  of  the  tributaries  is,  on  the  whole,  small.  As  regards  soil, 
vegetation,  and  building  material,  the  drainage  basin  of  the  Cape  Fear 
resembles  that  of  the  Roanoke,  and  need  not  be  described.  The  facili- 
ties for  storage  in  that  part  below  the  junction  of  the  Haw  and  Deep 
rivers  will  probably  be  found  to  be  not  very  good  on  account  of  the 
flatness  of  the  country,  and,  in  places,  of  the  porosity  of  the  soil — 
resembling  in  this  respect,  also,  the  Roanoke.  Further  up,  in  the 
valleys  of  Deep  and  Haw  rivers,  the  storage  facilities  are  better.  As 
regards  bed,  banks,  and  freshets,  the  stream  very  closely  resembles 
the  Roanoke,  although  the  bottoms  are  said  to  be  not  quite  so  extensive 
as  on  the  latter  river.  Above  Averasboro  the  river  flows  through  an 
alluvial  country,  with  banks  generally  low,  and  a  width  of  from  400 
to  600  feet.  Below  Averasboro  the  river  is  narrow,  the  banks  high, 
and  the  soil  sandy. 

The  rainfall  on  the  basin  of  the  Cape  Fear  is  about  50  inches — 12  in 
spring,  14  in  summer,  12  in  autumn,  and  12  in  winter;  but  in  the  val- 
leys of  the  Deep  and  Haw  rivers,  although  the  total  rainfall  remains 
the  same,  the  summer  fall  is  rather  smaller,  and  that  in  winter  remains 
about  the  same.  It  would  seem  to  follow  from  these  facts  that  the 
flow  of  the  Cape  Fear  becomes  proportionately  more  variable  as  it  is 
ascended.  Another  cause  which  tends  to  make  the  flow  of  the  river 
variable  is  the  fact  that  the  courses  of  many  of  its  tributaries  in  Chat- 
ham county  lie  in  a  slaty  and  broken  region,  which  sheds  the  water 
with  great  rapidity,  so  that  these  streams  become  almost  dry  in  sum- 
mer; and  this  cause  also  contributes  to  increase  the  suddenness  and 
violence  of  the  freshets.  The  freshets  on  the  Cape  Fear,  indeed,  are 
said  to  be  more  violent  than  on  any  other  Xorth  Carolina  river.  On 
the  lower  part  of  Deep  river  the  banks  are  often  overflowed,  sometimes 
to  a  depth  of  10  or  12  feet,  and  much  injury  is  thereby  done  to  the 
crops.  For  the  upper  30  miles  of  the  Cape  Fear  the  banks  are  low 
and  the  river  wide,  so  that  the  rise  does  not  exceed  20  feet;  but  in  the 
succeeding  75  miles,  where  the  banks  are  high  and  the  stream  narrow, 
the  rise  is  very  great,  amounting  occasionally  to  58  feet  at  Fayette- 
ville.  These  freshets  constitute  a  serious  disadvantage  to  the  use  of 
waterpower  on  the  stream.  There  is,  however,  no  trouble  at  all  with 
ice.  Gaugings  are  now  being  made  daily  on  the  Cape  Fear  at  Fayette- 
ville,  and  on  Deep  and  Haw  rivers  just  above  their  junction  (pp.  301 
to  305). 
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The  following  table  shows  the  declivity  of  the  stream: 


Capk  Fiar  rivkr— Tablk  of  Declivity. 


Locality. 


Junction  of  Haw  and  Deep 
rivers* 

Head  of  Smileys  falls 

Foot  of  Smileys  falls 

Fayette  ville 

Wllmioffton 


Distance 

from 

Wilminirton, 


Elevation 
above 
tide. 


Distances 
between 
points. 


Miles. 
172.0 
142.5 
189.0 
112.0 
0.0 


Feet. 
180 


7(?) 
0 


Miles. 

29.6 

3.5 

27.0 

112.0 


Fall 

between 

points. 


Feet. 

01 
27 
86 

7 


Average  fi<  11 
betweeii 
points. 


Ft.  per  mile. 

2.080 
7.710 
1.260 
0.062  I?) 


The  principal  products  of  the  region  along  the  Cape  Fear  are  com, 
cotton,  peanuts,  potatoes,  pease,  rice,  various  vegetables  and  fruits,  rye, 
oats,  wheat,  and  grasses.  The  whole  of  this  region  lies  in  the  cotton- 
belt. 

The  mineral  resources  of  this  region,  especially  of  the  upper  part, 
are  very  great.  Coal  and  iron  are  very  abundant,  but,  owing  to  diffi- 
culties of  transportation,  the  mines  have  been  little  worked.  The  coal- 
fields along  the  Deep  river  have  been  estimated  by  Emmons  to  cover 
an  area  of  90  square  miles,  and  to  contain  at  least  258,000,000  tons, 
easily  workable.  The  coal  is  bituminous,  and  of  superior  quality.  At 
Cumnock,*  on  Deep  river,  a  shaft  was  excavated  to  a  depth  of  460  feet 
between  1853  and  1856,  but  operations  were  suspended  on  accoimt  of 
want  of  transportation.  In  1887  the  shaft  was  cleaned  out  and  the 
mine  reopened.  Since  that  time  mining  operations  have  been  con- 
tinued to  the  present  date.  Iron  has  been  found  at  Ore  Hill,  about 
9  miles  from  the  Gulf,  and  at  Buckhom,  on  the  east  bank  of  the  Cape 
Fear,  8  miles  below  the  forks;  and  all  the  way  up  through  the  valleys 
of  the  Haw  and  Deep  rivers  iron  ore  of  excellent  quality  has  been  found 
in  large  quantities.  Copper  ore  has  also  been  found  in  the  same  region, 
and  several  mines  have  been  worked. 

The  basin  of  the  Cape  Fear  is  not  very  thickly  populated,  and  its 
population  has  not  increased  much  since  1870.  In  that  year  the  popu- 
lation per  square  mile  was  22.7,  while  in  1880  it  was  only  28.4.  (Cen- 
sus Bulletin  No.  78,  by  Mr.  Gannett,  geographer  of  the  Census.)  At 
the  same  rate  of  increase  the  population  would  now  (1897)  be  35.9  per 
square  mile. 

1  At  crossinfir  of  Raleigh  &  Aucrusta  Air  Line  railroad.    This  and  the  other  elevations  on 
the  road  were  furnished  by  Major  Winder,  then  general  superintendent. 
*  Formerly  known  as  Egypt. 
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WATERPOWER  ON  THE  OAPE  FEAB. 

We  proceed  to  describe  the  river  more  in  detail  and  to  discuss  its 
waterpowers,  commencing  at  its  mouth. 

Below  Wilmington  there  is,  of  course,  no  power.  The  country  is 
low  and  flat,  and  large  quantities  of  rice  are  raised.  The  river  is,  in 
places,  over  a  mile  wide,  and  at  the  mouth  the  width  is  3  miles.  The 
country  is  also  more  or  less  swampy  for  50  miles  above  Wilmington; 
there  is  no  power  for  this  distance,  and  rice,  com  and  cotton  are  the 
principal  products.  Thence  up  to  Fayetteville  the  banks  are  from  15 
to  50  feet  high,  the  bed  entirely  sand,  and  the  navigation  difficult,  on 
account  of  shifting  sand-bars. 

The  first  dam  of  the  old  Navigation  Company  was  at  Jones  falls, 
7.73  miles  above  Fayetteville,  its  height  having  been  about  5  feet.  It 
is  not  a  good  site  for  power. 

The  second  dam  was  at  Silver  run,  17.11  miles  above  Fayetteville, 
its  height  having  been  probably  greater,  as  its  crest  was  15.64  feet  above 
that  of  the  Jones  falls  dam.  It  was  not  spoken  of  as  a  good  site  for 
power. 

The  third  dam  was  at  Williams  fish-trap,  25  miles  from  Fayetteville. 
The  total  fall  from  the  top  of  the  dam  to  low  water  at  Fayetteville  was 
25.74  feet.     Not  a  good  site. 

The  fourth  dam  was  at  Haw  Ridge,  27  miles  above  Fayetteville; 
height  of  crest  above  Fayetteville  (low  water),  34.97  feet.  Not  a  good 
site.     None  of  the  dams  thus  far  mentioned  are  now  in  existence. 

Smileys  falls. — Up  to  this  point  the  fall  of  the  river  is  slight,  and 
its  general  character  similar  to  what  it  is  for  some  distance  below  Fay- 
etteville. We  now  come  to  the  fall  line,  where  the  river  passes  from 
the  middle  to  the  eastern  division  over  a  long  shoal  known  as  Smileys 
falls.  In  the  table  of  declivity  we  have  already  stated  Aat  the  fall 
extends  through  a  length  of  about  3i  miles,  with  a  total  fall  of  about 
27  feet.  There  were  three  dams  built  on  these  falls,  viz.  Green  Bock, 
Big  Island  (Narrow  Gap),  and  Sharpfield,  the  latter  being  at  the  head 
of  the  falls,  and  all  of  which  have  been  completely  carried  away.  The 
table  following,  on  page  137,  will  show  their  distances  from  Fayetteville, 
and  the  height  of  their  crests  above  the  datum.  "At  Narrow  Gap  a 
ledge  of  rocks  from  4  to  6  feet  above  the  ordinary  bed  extends  nearly 
across  the  river,  leaving  a  narrow  opening  near  the  left  bank,  whence 
comes  the  name.  The  whole  volume  of  water,  during  ordinary  stages, 
passes  through  this  gap."  *     Smileys  falls,  really  the  first  power  on  the 

^  Quoted  from  a  report  on  a  sun'ey  of  the  Cape  Fear  and  Deep  rivers,  by  Mr.  George  H. 
Elliot,  Annual  Report  Chief  of  Engineers,  1872,  p.  742. 
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river,  none  of  those  below  being  worth  anything  as  powers,  are  situated 
above  the  mouth  of  Upper  Little  river,  and  about  4  miles  from  the 
railroad.  The  bed  is  rock,  and  the  facilities  for  dams  and  races,  as  well 
as  for  building,  are  said  to  be  good.  The  greatest  drawback  would  prob- 
ably be  the  heavy  freshets  to  which  the  river  is  subject,  and  which  have 
been  already  referred  to;  but  the  fall  is  so  great  at  this  place  that  it 
seems  as  though  this  difficulty  might  be,  to  a  large  extent,  obviated,  if  it 
were  not  endeavored  to  utilize  the  total  available  fall  at  low  water. 
There  is  no  power  at  present  in  use  at  the  place,  or  if  there  is,  it  is  only 
for  some  small  country  grist-mill;  but  none  such  was  heard  of. 

The  drainage  area  above  this  place  being  about  3400  square  miles, 
the  power  is  estimated  in  the  following  table : 


Tabi«k  of  Power  Available  at  Smilets  falls  (Estimated).^ 


1  i 

Rainfall. 

1 

fe 

state  of  flow.               S 

il 

i 

a 

a 

9 

Autumn, 
winter. 

'    Flow    ,      Horsepower 
per             available, 
second.             ^ross. 

S               i 

>^           i 

i| 

o  a 

m 

<8eepa4re8  54to69.)       ^^^ 
Mlniinuni ") 

In.  1  Id. 

1 

In.      In. 
10        11 

T_       Cubic   1    Ifoot      27  foot 
'"•  ,    feet.    1     fall.          fall. 

r         820             70.0    1       1,890 

4«J         820             92.7    1       2,fi00 

[         980           106.0          2,860 

0 

Minimum,  low  season..   ^8,400 
Low  season,  dry  years. .  J 

12 

13 

0 
0 

For  the  same  reason  a  concentration  of  power  into  less  than  twenty- 
four  hours  would  probably  be  impracticable,  except  to  a  very  small 
extent. 

This  power,  one  of  the  finest  in  this  section  of  the  state,  is  located  in 
a  region  offering  many  advantages  for  manufacturing.  Fuel,  in  the 
shape  of  timber  and  coal,  is  abundant  in  the  immediate  neighborhood. 
Building  materials — fine  wood  and  stone — are  also  to  be  had  with  ease. 
The  products  of  the  neighborhood  are  com,  cotton,  wheat,  oats,  rye, 
pease,  potatoes,  vegetables,  and  fruits  of  various  kinds.  In  case  of  the 
establishment  of  a  cotton-factory,  an  abundance  of  the  raw  material 
could  probably  be  obtained  from  the  surrounding  country;  and  a  branch 
road  could  be  easily  built  to  this  place  from  Dunn  station  on  the  Atlantic 
Coast  line  railroad  only  4  miles  distant.  Finally,  this  part  of  the 
state  is  quite  healthy,  although  not  so  much  so  as  the  western  portion, 
chills  and  fever  being  more  prevalent. 

The  next  dam  above  Rharpfield  dam  was  McAllisters,  3  miles  above, 
the  present  fall  in  the  river  between  these  points  being  about  8  feet. 


*  For  later  measurements  of  How  of  Cape  Fear  river,  see  pp.  302-906. 
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Then  came  Fox  Island  dam,  3  miles  above,  the  natural  fall  being  now 
10  feet.  The  next  was  Douglas  falls  dam,  rather  over  8  miles  above,  and 
the  fall  is  9  feet.  The  bed  of  the  river  above  Smileys  falls  is  rock, 
and  the  fall  considerably  greater  than  below. 

Battles  falls. — The  next  dam  above  Douglas  falls  was  at  Battles 
falls,  where  is  the  first  dam  at  present  existing  on  the  river,  having 
been,  as  already  mentioned,  the  lowest  dam  rebuilt  by  the  last  com- 
pany (p.  128).  But  even  of  this  dam  only  the  remnants  remain.  The 
fall  between  Battles  dam  and  Douglas  falls,  a  distance  of  a  little  over  3 
miles,  is  9  feet.  Battles  dam  was  a  wooden  structure,  straight  across 
the  river,  and  about  11  feet  high  and  600  feet  long.  This  fall  might 
be  used  for  power,  as  the  place  is  topographically  favorable,  but  the 
freshets  would  be  a  drawback  to  the  use  of  so  small  a  fall.  The  dam 
originally  ponded  the  water  for  2  miles,  up  to  the  foot  of  Buckhom 
falls.     It  is  expected  that  this  power  will  be  developed  at  an  early  date. 

BucKHORN  FALLS. — This  is  the  most  important  fall  on  the  river  next 
to  Smileys,  navigation  through  which  was  effected  by  means  of  a 
•canal.  At  the  head  of  the  falls  are  the  remnants  of  a  dam,  built  of 
wood,  like  Battles  dam,  and  about  1000  feet  long  and  3  or  4  feet  high. 
It  has  the  shape  of  a  letter  V,  with  the  apex  up-stream,  one  arm  being 
nearly  at  right  angles  to  the  banks,  and  it  is  terminated  on  the  east  side 
by  an  island,  behind  which  it  turns  a  portion  of  the  water,  as  into  a 
natural  race,  which  extends  for  a  distance  of  a  mile  or  so  between  the 
bank  and  a  succession  of  islands,  which  have  been  connected  by  a  series 
of  slough-dams.  At  the  end  of  the  mile  a  slough-dam  connected  the 
last  of  the  series  of  islands  with  the  bank,  and  the  navigation  was  con- 
tinued by  means  of  a  canal  about  half  a  mile  long,  40  feet  wide  at  the 
surface,  and  6  feet  deep.  At  its  head  was  a  guard-lock,  with  a  lift  of 
about  4  feet,  and  at  its  foot  two  locks,  made  of  crib-work  filled  with 
stone,  like  the  guard-lock,  with  together  17  feet  lift,  one  having  11 
and  the  other  6  feet,  making  the  total  fall  from  the  crest  of  the  Buck- 
hom dam  to  that  of  Battles  dam  some  22  or  23  feet  A  part  of  the 
fall  was  used  by  the  North  Carolina  Iron  and  Steel  Works  to  run 
machinery  connected  wit!h  their  furnaces  (blast,  etc.),  the  canal  having 
been  extended  some  300  yards  from  a  point  just  above  the  outlet-locks, 
so  as  to  utilize  the  power  lower  down,  nearer  the  ore-bed.  A  fall  of  1- 
feet  was  used,  the  water  being  discharged  into  a  small  creek  having  a 
fall  of  some  5  feet  between  the  tail-race  and  the  river.  Although  in 
freshets  the  backwater  from  the  river  came  up  to  the  wheel-pit,  full 
capacity  could  be  secured  during  the  whole  year,  and  no  steam-power 
was  used.  These  works  have  not  been  in  operation  since  1876,  it  being 
said  that  the  ore-bed  is  exhausted,  not  being  so  extensive  as  was  siifh 
posed,  although  it  is  not  certain  that  this  is  the  case. 
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These  falls  constitute  a  most  excellent  power,  very  easily  available, 
and  with  a  location  perfectly  safe.  The  existing  canal  constitutes  a 
race  ready  for  use,  and  by  utilizing  the  lift  of  the  guard-lock  and  dis- 
charging the  water  directly  into  the  river  at  the  works  a  fall  of  20  feet 
could  be  rendered  available,  except  during  very  severe  freshets,  when  the 
works  might  be  obliged  to  stop,  although  this  would  be  very  rare.  The 
canal  is  in  tolerably  good  condition,  and  could  be  made  perfect  at  a  small 
cost;  and,  if  necessary,  it  could  be  easily  widened  so  as  to  increase  its 
capacity.  At  its  lower  end,  where  the  locks  are,  the  land  is  low  for 
several  hundred  yards  back  from  the  river,  and  subject  to  overflow  at 
times;  but  further  back  is  a  hill,  on  which  buildings  could  be  erected 
with  safety,  and  on  which  stands  the  old  furnace  of  the  iron  company. 

We  have  estimated  the.available  power  and  flow  at  this  point,  with  the 
results  given  in  the  following  table: 

Table  of  Available  Pouter  at  Buokhorn  falls  (Estimated). 


BaiDfall. 


1-- 


State  of  flow. 


(See  paflres  54  to  69.) 

Minimum 

Minimum,  low  season . . 
Low  season,  dry  years. . 


a 
t 

a 


Sq.miles.!  In. 


8,800 


12 


In. 
18 


a 
3 
5 


a 


8 


In.  I  In. 

10    I    11 


In. 
46 


Horsepower 

available, 

gross. 


o 


Co,  ft. 

1  ft  fall. 

20  ft.  fall. 

\     W5 

66.4 

1.800 

\     766 

87.0 

1,740 

/     876 

100.0 

2,000 

The  present  canal,  or  one  40  feet  wide  at  top,  6  feet  deep,  and  slopes 
of  45°,  would  be  capable  of  carrying  volumes  of  water,  and  of  affording 
power,  with  different  slopes,  as  per  the  following  table: 

Table  of  Power  Afforded  by  Canal  in  Earth,  40  Feet  Wide,  6  Feet  Deep, 
Sides  at  46*.  at  Buckhorn  falls. 


Fall  of  canal. 


Capacity  per 
second. 


Horsepower  availa- 
ble, gross. 


Remarks. 


Cubic  feet. 

1  foot  per  mile .^  460 

2  feet  per  mile 626 

3  feet  per  mile 790 


1  foot  fall. 
61 
71 
90         ' 


Total. 
1,020 
1,349 
1.620 


Available  fall  about  20  feet. 
Available  fall  about  10  feet. 
Available  fall  about  18  feet. 


The  estimates  of  flow  in  the  first  table,  and  in  that  for  Smileys  falls, 
may  seem  too  low,  but  the  flow  of  the  Cape  Fear  was  stated  to  be  very 
variable.  Gaugings  at  Fayetteville,  in  1897,  as  given  on  page  302, 
show  that  the  quantity  discharged  was  in  one  case  as  low  as  424  cubic 


136 


THE   CAPE   FBAB   BIVEB   AND   TRIBUTARIES. 


feet  per  second,  or  0.1  cubic  feet  per  second  per  square  mile,  and  this 
was  not  the  Tninimum  stage  even  in  that  year.  The  theoretically  avail- 
able power,  with  storage,  would  be  found  impracticable,  although  the 
power  due  to  the  ordinary  flow  of  the  stream  might  be  considerably 
increased  by  constructing  storage  reservoirs  in  the  valleys  of  Deep  and 
Haw  rivers. 

Buckhom  falls  are  fairly  accessible,  being  only  about  8  miles  from 
Haywood,  at  the  junction  of  Haw  and  Deep  rivers,  and  from  the 
Seaboard  Air  Line  railroad,  which  crosses  both  rivers  near  their  junc- 
tion. "With  a  dam  at  Buckhom,  shallow  boats  could  be  operated  be- 
tween this  point  and  the  railroad  crossing,  8  miles  above;  and  the  con- 
struction of  a  branch  track  to  the  falls  from  the  main  Seaboard  Air 
Line  railroad  just  east  of  the  Haw  river  crossing  would  entail  but 
little  expense  for  grading  over  the  entire  distance  of  7  or  8  miles.  As 
already  mentioned,  coal  and  building  materials  can  be  obtained  in 
abundance  in  the  vicinity.  The  locality  is  healthy,  and  the  climate 
mild.  The  property,  including  land,  canals,  and  dams,  has  all  been 
owned  by  the  Navigation  Company,  but  it  has  recently  (March,  1899) 
been  sold  to  a  newly  organized  electric  power  company,  and  is  to  be 
developed  as  a  waterpower  in  connection  with  the  power  at  Lockville. 

The  width  of  the  Cape  Fear  at  Buckhom  dam  is  about  700  or  800 
feet,  and  the  dam  ponds  the  water  with  this  average  width  up  to  the 
forks,  and  beyond,  or  about  8  miles.  Buckhom  falls  is  thus  the  highest 
power  on  the  river. 

In  the  following  table  of  power  on  the  Cape  Fear  river  we  have  only 
mentioned  those  powers  which  may  be  considered  as  available  practi- 
cally, viz.  Smileys  falls,  Battles  falls,  and  Buckhom  falls. 

It  will  be  noticed  that  there  is  not  one  mill  in  operation  on  the 
river,  probably  because  small  mills — the  only  kinds  that  have  ever 
sought  a  location  in  this  part  of  the  state — ^have  been  more  cheaply 
located  on  small  streams,  where  there  is  not  such  danger  from  heavy 
freshets. 

Cape  Fkah  river— Summary  of  Power  (Estimated). 


Locality. 


Smileys  falls  ... 
Battles  falls  ... 
Buckhorn  falls. 


1  i 

Rainfall. 

Total 

Horsepower 

Total 

1  ^ 

1     0> 

!     fall. 

Available^gross^ 

utilized    g 

>* 

^ 

1 

1        1 

.  1  B 

'    PE( 

1 

1 

*i  '  — 

i 

OS 

i 

Spring. 
Summer. 
Autumn. 
Winter. 

Year. 
Length. 

B 

1 

a 

Minimum,  low 
season. 

Low  season,  dry 
years. 

1 

Horsepower,  ne 

Per  cent,  of  min 
utilized. 

Miles  Sq.m. 

In.  In.l  In.  In. 

In.   Ft.  Miles 

Ft. 

30  5 

3,400 

12     13  1  10     11 

46     27       3.5  11,890 

2,500   2.860 

0 

0        J 

48  0 

3,200 

12     13     10     11 

4«     11       0.0      720 

950    1,100 

0 

0       0 

I  51.0 

3,*i00 

12     13     10     11 

46  1  20^     1.6 

l,800j  1,740    2,000 

0 

0       0 

1  See  pages  54  to  59. 


2  See  description. 
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Table  Giving  Number  and  Location  of  Dams  Constructed  on  the  Cape  Fear  and  Deep 

Rivers  by  the  Navigation  Company,  Together  with  a  Profil.e  of  the 

Rivers  between  Faybttevii.le  and  Hancocks  Dam. 

[Taken  from  a  map  and  profile  of  the  rivers  according  to  a  survey  by  Hamilton  Fulton,  civil 

engineer.  In  the  office  of  the  State  Qeologiit  in  Raleigh.] 


Name  of  dam  or  place. 


Fayetteville  bridge 

Jones  falls  dam 

Silver  Run  dam 

Williams  fish-trap  dam  

Haw  Ridge  dam 

Green  Rock  dam 

Big  Island  dam  (Narrow  Gap?) 

Sharpfleld  dam 

McAllisters  dam 

Fox  Island  dam 

Douglas  dam 

Battles  falls  

Buckhorn  falls 

Buckhorn  dam 

Deep  river,  near  junction  with  Haw 

Lockville  dam  (lower) 

Jjock vllle  dam  (upper) 

Gorgas  dam  (Cleggs) 

Eador  dam  ( Farishs  fish-trap) 

Gulf  dam  (Haughtons) 

Carbontondam  (Bvansi 

Tysers  dam  (Hancocks)  


Distance  from 

Elevation  of  crest 
or  water  surface 

Fayetteville 
bridge. 

above  low  water 

at  Fayetteville. 

Miles. 

Feet. 

0.00 

0.00 

7.73 

60.00 

17.11 

20.64 

i5.0d 

26.74 

26.99 

34.97 

28.14 

45.47 

29.37 

53.61 

30.59 

62.56 

33.05 

73.18 

36.60 

80.46 

44.76 

88.68 

47.97 

99.51 

50.00 

'       108.47 

51.66 

122.39 

60.44 

127.11 

151.67 

62.21 

165.02 

64.70 

172.24 

71.43 

Vii.W 

81.37 

181.66 

87.87 

190.12 

99.87 

204.64 

Notes  on  this  Table.— The  height  of  each  dam  may  be  found  approximately  (a  little  too 
large)  by  subtracting  from  the  height  of  its  crest  that  of  the  dam  below,  except  in  cases  where 
locks  and  canals  were  used,  i,  e.  in  the  case  of  the  Buckhorn  dam,  the  lower  Lockville  dam,  and 
the  Gorgas  dam. 

These  figures,  having  reference  to  the  work  as  originally  planned,  are  not  correct  for  those 
now  in  existence,  for  in  some  cases  these  figures  were  altered  when  the  works  were  built,  and 
In  others  they  have  been  altered  since. 


TRIBUTARIES  OF  THE  CAPE  FEAR  BELOW  THE  FORKS. 

The  first  important  tributary  of  the  Cape  Fear,  as  we  ascend  the 
river,  is  the  Northeast  Cape  FeaVy  which  rises  in  the  extreme  northern 
part  of  Duplin  county  and  flows  south,  through  Pender  and  New  Han- 
over counties,  entering  the  Cape  Fear  river  at  Wilmington,  some  20 
miles  from  the  sea.  Lying  entirely  below  the  fall  line,  it  has  no  water- 
power  of  any  consequence,  flowing  mostly  through  swamps.  There  are 
only  a  few  small  mills  on  the  stream  and  its  tributaries,  the  fall  of  water 
in  each  case  depending  upon  the  height  of  dam. 

The  next  important  tributary  is  South  river y  also  from  the  east,  rising, 
under  the  name  of  Black  river,  in  the  northeastern  part  of  Harnett 
county,  and  flowing  south  through  that  county,  and  between  Cumber- 
land, Bladen,  and  Brunswick  counties  on  its  right,  and  Sampson  and 
Pender  on  its  left,  entering  the  Cape  Fear  about  10  miles  above  Wil- 
mington, after  a  course,  in  a  straight  line,  of  about  85  or  90  miles.  Its 
drainage  area  comprises  about  1430  square  miles.     Although  its  sources 
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are  above  the  fall  line,  the  stream  is  very  small  where  it  enters  the 
eastern  division,  and  its  waterpower  is,  therefore,  of  no  consequence. 
Some  of  the  small  tributaries  near  its  sources  have,  as  in  the  case  of  the 
Northeastern  Cape  Fear,  small  grist-mills,  but  of  no  consequence.  The 
South  river  has  one  large  tributary,  the  Black  liver  (not  the  one  above 
mentioned),  which  enters  from  the  east,  after  having  flowed,  from  north 
to  south,  through  the  whole  length  of  Sampson  county,  in  the  northern 
part  of  which  its  sources  lie.  Its  length  is  about  50  miles  in  a  straight 
line,  and  its  drainage  area  620  square  miles;  but  as  it  lies  entirely  in 
the  eastern  division,  it  possesses  no  waterpower.  There  are  no  towns 
of  importance  on  these  streams.  They  are  so  swampy  that  the  towns 
are  located  some  miles  from  them  on  higher  and  more  healthy  ground. 

COLLY  CREEK. 

Another  tributary  of  the  Black  river  is  Colly  creek,  on  which,  a  few 
miles  above  its  mouth  and  just  over  the  county  line  in  Bladen  county, 
is  a  waterpower  of  some  local  importance  now  owned  by  the  Colly 
Veneer  Works  Company.  The  fall  is  9^  feet,  and  it  can  be  increased 
to  12  feet.  The  dam  backs  the  water  four  or  five  miles,  the  pond  being 
J  to  f  of  a  mile  broad.  The  present  plant  consists  of  two  grist-niills, 
saw-mill  and  basket  and  veneer  machinery,  but  only  a  small  part  of  the 
water  is  said  to  be  used.  The  surplus  water  escapes  over  a  spillway  198 
feet  wide,  on  which  it  is  said  to  stand,  at  a  depth  of  1  to  1\  feet  all  the 
time.  Plans  have  been  under  consideration  for  utilizing  this  power 
for  generating  electricity  for  lighting  the  city  of  Wilmington,  20  miles 
distant.  The  stream  is  fed  by  numerous  large  swampy  areas,  and  there 
is  but  little  variation  in  the  summer  and  winter  water  supply. 

ROCKFISH  CREEK. 

We  next  come  to  Eockfish  creek,  which  rises  in  the  western  part  of 
Cumberland  county,  flows  nearly  east,  forming  for  about  10  miles  the 
boundary  between  Cumberland  and  Robeson  counties,  and  empties  into 
the  Cape  Fear  about  10  miles  below  Fayetteville,  in  the  former  county. 
Its  length,  in  a  straight  line,  is  about  30  miles;  following  the  general 
course  of  the  stream  it  is  about  35  miles,  but  taking  in  all  its  windings 
it  is  considerably  more.  It  drains,  in  all,  an  area  of  280  square  miles, 
and  its  principal  tributaries  are  from  the  north,  the  largest  being  the 
Little  Eockfish,  draining  an  area  of  77  square  miles.  There  are  no 
towns  on  the  stream. 

Eockfish  creek  is  a  good  sample  of  a  class  of  streams  which  we  have  not 
yet  described  in  detail,  not  having  had  occasion  to  refer  to  any  particular 
powers  on  any  of  them,  although  some  tributaries  of  the  Xeuse  and  Tar 
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belong  to  this  class.  These  streams,  located  generally  just  below  the 
fall  line,  which  they  sometimes  cross,  differ  very  materially  in  character 
from  the  majority  of  streams  in  this  part  of  the  country.  We  have 
alluded  to  the  fact  that  just  below  the  fall  line  there  is  a  belt  of  sand- 
hills, some  30  or  40  miles  wide,  running  almost  parallel  with  that  line, 
and  sometimes  extending  above  it.  The  streams  of  the  class  referred 
to  rise  and  flow  through  this  sandy  region,  and  it  is  to  this  fact  that 
their  character  is  due.  The  sand-hill  belt  consists  of  broad,  flattish 
swells,  well  wooded,  as  a  rule,  with  long-leaf  pine,  and  generally  with 
an  undergrowth.  The  surface  deposit  of  sand  varies  generally  from  a 
foot  or  two  to  five  or  six  feet  in  depth,  and  is  in  places  10,  20,  and  even 
100  feet  thick.  It  is  underlaid  with  less  porous  strata  of  half -compacted 
sand,  grit  and  clay  of  the  tertiary  and  cretaceous  formations,  which  are 
in  places  very  thick,  having  been  bored  into  to  a  depth  of  175  feet  at  one 
place.  The  smaller  streams  in  the  sand-hills  have  not  cut  out  their  beds 
through  the  sand,  and  are  often  sluggish,  stagnant,  and  marshy;  but  the 
larger  creeks,  and  the  rivers,  have  cut  away  the  sand  entirely  and  worn 
out  their  beds  in  the  less  pervious  strata  beneath,  which  sheds  into  the 
water-courses  all  the  water  which  reaches  it  by  percolation. 

The  rapidity  with  which  the  sand-hills  absorb  the  rain  which  falls 
upon  them,  thus  removing  it  from  the  direct  action  of  the  sun,  has  the 
effect  of  diminishing  the  evaporation,  while  their  large  thickness  in 
places  enables  them  to  absorb  considerable  water,  and  to  give  it  out 
gradually,  as  it  reaches  and  flows  along  the  impervious  stratum  beneath, 
thus  enabling  them  to  act  as  storage  reservoirs,  and  to  regulate  the  flow 
to  a  remarkable  degree.  Thus  there  is  considerable  difference  in  the 
sand-hill  streams,  according  to  the  depth  of  the  sand  on  their  drainage 
basins,  and  by  no  means  are  all  these  streams  good  sources  of  power. 
Sand  and  gravel  in  general,  although  they  absorb  water  rapidly,  give 
it  out  rapidly  also,  unless  occurring  in  sufficient  masses  to  be  able  to 
store  up  considerable  water  without  becoming  saturated.  Hence  the 
depth  of  the  sand-hills  acts  very  beneficially,  and  when  the  sand  is  deep 
the  streams  of  the  class  referred  to  not  only  discharge  a  large  propor- 
tion of  the  rainfall  on  their  drainage  basins,  but  discharge  it  very  uni- 
formly, their  flow  being  remarkably  constant.  The  power  which  can 
be  obtained  from  these  small  streams  is  sometimes  remarkable,  as  we 
shall  see  further  on  in  a  study  of  Hitchcocks  creek  in  Kichmond 
county.  Their  value  is  also  increased  by  the  fact  that  the  topography 
of  the  sand-hill  region  is  such  that  large  ponds  can  be  obtained 
easily,  and  storage-room  sufficient,  not  only  to  regulate  the  flow 
to  a  considerable  extent  during  the  year,  but  also  to  permit  of  the  con- 
centration of  the  entire  flow  of  the  stream  into  working  hours,  thus 
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rendering  it  possible  to  double  the  power  due  to  the  natural  flow  if  the 
mills  are  only  worked  12  hours.  Those  streams  which  have  cut  deep 
channels  for  themselves  through  the  sand  down  to  and  into  the  imper- 
vious stratum  of  hard  pan  flow  considerably  below  the  general  surface 
of  the  country,  often  50  or  60  feet  The  banks  of  the  Big  Rockfish^ 
for  example,  are  almost  100  feet  high  near  the  Cape  Fear,  and  well 
wooded.  These  sand-hill  streams  are,  of  course,  not  subject  to  such 
heavy  freshets  as  ordinary  streams.  Big  Rockflsh  has  been  known  to 
rise  14  feet,  but  10  feet  is  a  very  large  rise,  while  Little  Rockflsh  rises 
only  6  or  7  feet.  There  is,  however,  not  much  land  overflowed.  The 
smaller  streams,  however,  are  sometimes  bordered  by  wet  grounds, 
heavily  wooded  and  overgrown,  nearer  the  general  surface  of  the  ground, 
and  lying  high  above  the  beds  of  the  main  streams.  Though  the  sand- 
hills are,  as  a  rule,  well  wooded,  the  woods  have  in  parts  been  cut  down 
to  a  considerable  extent,  and  it  is  stated,  and  doubtless  truly,  that  the 
flow  of  the  streams  in  these  sections  is  more  variable  than  formerly. 

Judging  from  observations  made  on  the  sand-hill  streams  tributary 
to  the  Cape  Fear,  Yadkin,  Catawba  and  Savannah,  it  would  seem  a  fair 
allowance  if  we  assume  them  to  discharge  at  their  minimum  about  0.5 
cubic  foot  per  second  per  square  mile;  at  their  low-season  flow  0.65,  and 
at  their  ordinary  flow  0.75  to  1  cubic  foot  per  second  per  square  mile  of 
drainage  basin. 

Regarding  available  power  on  these  streams  it  was  difficult  to  obtain 
much  information,  owing  to  the  fact  that  the  streams  have  a  uniform 
declivity,  with  no  falls,  so  that  power  may,  as  a  rule,  be  obtained  at 
almost  any  point  where  the  banks  are  favorable  for  the  location  of  a 
dam  and  buildings. 

The  drainage  basin  of  Rockflsh  creek  lies  below  the  fall  line;  and  the 
stream  has  no  falls,  but  a  gradual  declivity.  The  map  shows  the  gen- 
eral form  and  position  of  the  basin.  Like  the  others  of  this  class,  it 
has  no  lakes,  but  the  facilities  for  constructing  reservoirs  are  tolerably 
good.  The  banks  are  moderately  high,  and  seldom  overflowed;  the  rise 
in  freshets  is  small,  the  flow  very  constant  and  strong,  and  the  fall 
rapid.  The  rainfall  is  about  50  inches,  12  in  spring,  14  in  summer, 
12  in  autumn,  and  12  in  winter — a  distribution  which,  of  itself,  would 
tend  to  render  the  flow  constant.  Of  the  available  power  on  this  stream 
but  a  small  proportion  is  being  utilized.  Formerly  there  were  one  or 
two  saw-mills  located  on  it  below  the  mouth  of  Little  Rockflsh  creek, 
but  these  have  all  disappeared.  Above  this  point  there  is  one  cotton- 
mill  (Hope  mill  No.  2),  a  few  small  saw-  and  grist-nrills,  and  several 
promising  but  undeveloped  waterpowers. 
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At  Hope  mill  No.  2,  located  on  the  north  side  of  the  stream  but  a 
short  distance  above  the  mouth  of  Little  Rockfish  creek,  there  is  a 
wooden  dam  18  feet  high,  giving  a  fall  of  18  feet  and  backing  the  water 
for  a  distance  of  two  miles.  The  mill  contains  210  looms  and  10,000 
spindles,  which  are  operated  entirely  by  waterpower,  about  200  horse- 
power being  utilized,  and  the  supply  of  water  is  ample  during  even  the 
dryest  j  ears. 

LITTLE  ROCKRSH  CREEK. 

Little  Rockfish  creek,  a  tributary  of  Rockfish  creek,  is  the  same  in 
general  character  as  the  main  stream,  which  it  enters  about  7  miles,  in 
a  straight  line,  from  the  Cape  Fear.  The  first  power  on  this  stream  is 
an  unimproved  site  formerly  occupied  by  ilurphy's  paper-mill,  with  18 
feet  fall,  and  an  available  power,  at  all  seasons,  of  at  least  100  horse- 
power net  (with  good  wheels),  judging  by  the  power  used  at  the  other 
mills  on  the  stream.  This  power  is  one-fourth  of  a  mile  from  the 
mouth  of  the  stream,  with  no  important  tributaries  below  it  The  drain- 
age area  above  is  therefore  about  77  square  miles. 

On  Little  Rockfish  creek,  about  1^  miles  above  its  mouth,  is  the  Hope 
COTTON-MILL  Xo.  1,  a  cottou-mill,  with  grist-  and  saw-mill  attached,  using 
a  power  of  about  175  horsepower,  with  a  fall  of  22  feet.  The  dam  is 
of  wood,  53  feet  long  and  22  feet  high,  rebuilt  in  1872  at  a  cost  of 
about  $2000,  and  ponding  the  water  over  about  200  acres  to  a  depth 
of  7  feet.  A  race  300  feet  long  leads  to  the  wheel.  No  steam  is 
used  for  power,  and  by  storing  the  water  during  the  night  full  capacity 
may  be  obtained  at  all  seasons,  the  factory  being  run  during  12  hours. 
The  present  cotton-mills  contain  192  looms  and  5600  spindles.  Mr. 
Oakman,  the  former  president  of  this  mill,  carefully  measured  the  water 
used  by  his  wheels,  and  stated  it  to  be  89.7  cubic  feet  per  second,  sav- 
ing the  water  at  night;  t.  e.  the  natural  flow  of  the  stream  is  never  less 
than  44.5  cubic  feet  per  second.  The  drainage  area  above  the  mill 
being  about  70  square  miles,  the  stream  discharges  at  its  minimum 
0.63  cubic  feet  per  second  per  square  mile — a  remarkable  discharge. 

Two  miles  above  Hope  mill  No.  1  is  the  Bluff  cotton-mill  (H.  W. 
Lilly),  a  cotton-factory,  containing  3100  spindles  and  64  looms,  with 
a  fall  of  9  feet,  using  60  horsepower.  The  dam  is  earth,  900  feet 
long,  18  feet  high,  built  in  1872,  and  costing  $5000,  and  the  pond 
covers  75  acres  to  an  average  depth  of  8  feet.  Full  capacity  can  be 
secured  the  whole  year.  The  drainage  area  above  being  about  55 
square  miles,  the  discharge  of  the  stream  should  be  very  nearly  0.63 
cubic  foot  per  second  per  square  mile  to  give  the  power  stated  if  the 
w^ater  is  stored  at  night. 
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On  Beaver  creek,  IJ  miles  above  Bluff  mill,  there  is  another  water- 
power  now  utilized  in  running  the  Cumberland  cotton-mill,  which  con- 
tains 88  looms  and  3200  spindles.  There  is  here  a  dam  500  yards  long 
and  14  feet  high,  giving  a  head  of  16  feet  at  the  mill  and  said  to 
develop  189  horsepower  under  a  full  head  during  the  entire  year. 
A  calculation,  on  these  data,  gives  the  discharge  of  the  stream  so  great 
that  we  are  inclined  to  think  that  some  of  the  figures  must  be  erroneous. 
In  fact,  the  amount  of  machinery  run  in  the  mill  is  not  much  greater 
than  in  the  Bluff  mill. 

Above  the  Bluff  mill  the  Little  Rockfish  and  its  tributaries  are  well 
utilized  by  a  number  of  small  saw-  and  grist-mills. 

Above  the  Rockfish  there  are  a  number  of  smaller  streams  belonging 
to  the  same  class  which  flow  into  the  Cape  Fear,  two  of  which  empty 
almost  in  the  town  of  Fayetteville,  and  on  which  there  were  four  fac- 
tories before  the  war,  but  the  powers  are  small — ^not  over  20  or  30 
horsepower,  probably,  during  dry  seasons.  There  are  some  small  grist- 
mills on  all  these  streams,  generally  running  two  pair  of  stones. 

On  Blounts  creek,  in  the  town  of  Fayetteville,  there  is  a  water- 
power  that  runs  the  Fayetteville  cotton-mill,  containing  3120  spindles 
and  operated  by  water  supplemented  by  steam-power.  The  dam  is  340 
feet  long  and  gives  a  fall  of  19  feet.  About  85  horsepower  is  required 
to  operate  the  machinery  of  the  mill,  of  which  it  is  estimated  that  one- 
half  is  furnished  by  the  water. 

Cai-vers  creek  is  a  small  tributary  about  7  miles  above  Fayetteville, 
which,  a  short  distance  from  its  mouth,  falls  over  a  ledge  of  hard  pan 
and  soft  rock  a  distance  of  18  or  20  feet,  but  in  dry  weather  the  supply 
of  water  in  the  stream  is  much  reduced.  It  operates  King's  saw-  and 
grist-mill. 

Lower  Little  river,  which  rises  in  Moore  county  and  flows  east  through 
Cumberland,  and  between  Cumberland  and  Harnett,  emptying  into  the 
Cape  Fear  below  Averasboro,  is  the  next  important  stream  above  Rock- 
fish. Its  length  is  45  miles  in  a  straight  line,  and  its  drainage  area 
about  448  square  miles.  The  principal  town  on  tEe  stream  is  Man- 
chester, a  very  small  place.  This  stream,  -v^ith  its  tributaries,  may  be 
classed  among  the  sand-hill  streams,  but  its  basin  lies  near  the  upper 
limit  of  the  sand-hill  belt,  and  so  the  general  character  of  the  sand-hill 
streams  (like  the  Rockfish)  is  not  so  pronounced  here,  the  flow  being 
not  quite  so  constant  and  the  freshets  rather  more  violent,  the  water 


TRIBUTABIES    OF    THE    OAPE    FEAR    RIVER. 


143 


rising  some  15  feet.  The  banks  are  high  and  well  wooded,  and  the 
bed  of  the  stream  the  same  as  has  been  described;  the  country,  as  a 
whole,  is  not  so  sandy.  The  fall  of  the  stream  is  uniform,  and  at  the 
rate  of  3^  feet  per  mile.'     The  flow  is  estimated  as  follows: 


Table  op  Estimated  Power  on  Lower  Little  river. 


Flow, 
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12.0 
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In  the  foregoing  estimate  0.5  cubic  foot  per  second  per  square  mile 
was  assumed  as  the  minimum  flow,  and  0.76  cubic  foot  per  second  per 
square  mile  as  the  ordinary  low-water  flow.  These  figures  are  very  high 
— perhaps  too  high — but  a  series  of  gaugings  only  can  serve  as  a  cor- 
rect guide. 

The  power  of  the  stream  was  formerly  utilized  by  one  cotton-factory 
and  a  number  of  saw-  and  grist-mills.  The  first  mill  is  2^  miles  from 
the  mouth,  with  a  fall  of  12  feet,  not  subject  to  interruption,  except 
sometimes  for  a  day  or  two  by  backwater  from  the  Cape  Fear.  At 
Manchester  was  the  cotton-  and  woolen-mill  of  the  Linwood  Manufac- 
turing Company,  using  a  fall  of  3^  feet  and  about  20  horsepower,  but 
this  has  been  abandoned  for  some  years.  Just  above  the  railroad  crossing 
at  Manchester  there  is  a  small  saw-mill  operated  entirely  by  water- 
power. 

The  Manchester  mill,  a  cotton-factory  of  about  the  same  size,  uses 
power  from  a  small  tributary.  It  contains  55  looms  and  2200  spindles. 
There  is  a  dam  18  feet  high  and  60  yards  long,  giving  a  fall  of  22  feet. 
The  power  obtained  from  this  stream  is  estimated  to  be  35  horsepower 
during  half  the  year.  This  is  supplemented  by  steam-power.  There 
are  doubtless  many  places  on  Lower  Little  river  where  dams  might  be 
located  and  excellent  power  obtained. 

Upper  Little  river  is  a  stream  similar  to  Lower  Little  river,  except 
that  it  is  still  less  of  a  sand-hill  stream,  and  said  to  be  not  so  bold  or 
so  reliable  as  the  latter.  It  is  only  used  for  saw-  and  grist-mills,  and 
there  are,  no  doubt,  sites  not  used.     Each  of  these  streams  is  about 


»  The  elevation  above  tide  at  ('n)SJ»injf  of  KaleiKh  ami  Augusta  Air-Line  railroad  is  about  221 
feet,  and  at  mouth  say  31  feet.    Leugth,  measured  from  map,  is  about  .55  miles. 
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100  feet  wide  at  its  mouth.  The  length  of  Upper  Little  river  is  about 
32  miles^  measured  in  a  straight  line,  its  drainage  area  176  square  miles, 
and  its  fall,  from  the  crossing  of  the  Raleigh  and  Augusta  Air-Line 
railroad  to  its  mouth,  about  290  feet,  or  perhaps  at  the  rate  of  6  feet 
or  over  to  the  mile. 

On  the  numerous  small  streams  in  Cumberland  county  there  are 
undeveloped  and  partially  developed  waterpowers  which  would  serve 
to  operate  saw-  and  grist-mills  and  even  larger  manufacturing  estab- 
lishments. 

Above  Upper  Little  river  there  are  no  tributaries  to  the  Cape  Fear 
which  are  worth  mentioning  specially,  although  there  are  some  small 
creeks  which  aflford  good  small  powers,  and  are  utilized  for  grist-  and 
saw-mills. 

THE   CAPE  FEAB    TBIBXTTABIES— HAW  EIVEB. 

This  river  rises  in  Kockingham  and  Guilford  counties,  North  Caro- 
lina, pursues  a  general  southeasterly  course  through  Alamance,  a  comer 
of  Orange  and  Chatham  coimties,  and  in  the  southeastern  corner  of  the 
latter  unites  with  the  Deep  river  to  form  the  Cape  Fear,  which  has 
just  been  discussed.  The  length  of  the  stream,  following  its  general 
course,  is  about  80  miles,  but  considerably  more  if  all  its  windings  are 
followed.  Near  the  northwest  comer  of  Alamance  county  the  river 
forks,  the  north  fork  going  by  the  name  of  Haw  river,  while  the  south 
fork  is  known  as  the  Reedy  fork  of  Haw  river.  The  Keedy  fork,  as 
well  as  the  north  fork  in  its  upper  parts,  flows  nearly  east,  but  the 
course  of  the  stream  below  the  junction  of  the  two  is  nearly  southeast 
There  are  no  large  towns  on  the  river.  Haw  River,  at  the  crossing  of  the 
North  Carolina  railroad  being  about  the  only  town,  but  Graham,  the 
county-seat  of  Alamance  county,  and  Burlington,  are  only  a  few  miles 
distant. 

The  drainage  area  of  the  Haw  river  comprises  about  1675  square 
miles,  and  the  stream  receives  two  important  tributaries:  the  New  Hope 
creek,  from  the  east,  draining  about  317  square  miles,  entering  about 
3  miles  above  the  junction  of  Haw  and  Deep  rivers,  and  Alamance 
creek,  from  the  west,  draining  about  237  square  miles  and  entering  the 
Haw  river  about  4  miles  south  of  Graham.  The  Reedy  fork  receives 
as  its  principal  tributary  BuiTalo  creek,  from  the  south,  draining  about 
128  square  miles,  and  the  north  fork  receives  Troublesome  creek,  from 
the  north,  with  a  drainage  area  of  about  88  square  miles.  The  map 
shows  the  position  of  all  these  streams. 

Haw  river  flows  through  a  fertile  country  lying  in  the  center  of  the 
cotton-belt,  and  the  productions  of  which  are  about  the  same  as  along 
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the  upper  part  of  the  Cape  Fear,  viz,  com,  cotton,  wheat,  oats,  rye, 
tobacco,  grasses,  a  great  variety  of  vegetables  and  fruits.  It  is  toler- 
ably well  wooded,  although  not  enough  care  is  taken  to  preserve  the 
forests.  Topographically,  the  region,  especially  in  the  lower  part,  is 
more  broken  than  the  drainage  basins  of  the  Xeuse,  the  Tar,  or  the 
lioanoke  rivers.  The  mineral  resources  of  the  basin  are  considerable, 
iron  being  found  in  various  places  in  quantity  and  of  good  quality. 
Chopper  has  also  been  found,  but  the  mines  have  been  little  worked. 
Building  stone  of  good  quality  is  found  all  through  the  basin. 

The  bed  of  the  stream  is  generally  rock,  covered  in  places  with 
deposits  of  sand,  gravel,  or  clay,  but  affording  almost  everywhere  excel- 
lent foundations  for  dams.  The  banks  on  the  lower  part  of  the  stream 
are  tolerably  high,  in  some  places  very  steep,  and  the  bottoms  are 
narrow  and  not  much  subject  to  overflow,  while  in  the  upper  part  of 
the  stream,  where  the  country  is  not  so  broken,  the  banks  are,  in  places, 
low.  In  the  upper  parts  of  Alamance  and  Guilford  counties  the  country 
is  much  flatter  than  in  Chatham  county.  The  stream  is  subject  to 
very  heavy  freshets,  and  there  are  no  lakes  serving  to  restrain  their 
violence;  but  the  stream  is  rarely  frozen  over,  and  the  mills 
suffer  no  trouble  with  ice.  Some  of  the  tributaries  of  the  stream  rise 
in  a  region  where  the  prevailing  rock  is  a  slate,  which  is  covered  with  a 
thin  soil  and  sometimes  with  none  at  all;  and  from  this  region  the 
rain-water  is  shed  very  rapidly,  so  that  these  small  streams  are  nearly 
<iry  in  summer.  The  lowest  stage  of  flow  on  the  Cape  Fear  river  of 
which  we  have  any  record  (1897)  was  equivalent  to  a  discharge  of  0.076 
-cubic  foot  per  second  per  square  mile  of  drainage  area,  while  the  mean 
discharge  for  an  entire  month  (October,  1897),  including  freshets,  was 
only  0.12  cubic  foot  per  second  per  square  mile.  The  facilities  for  the 
<?onstruction  of  storage-reservoirs  are  said  to  be  good  in  the  upper  part 
of  the  stream,  though  no  surveys  or  examinations  have  ever  been  made 
^ith  a  view  to  determining  this  point  accurately. 

The  rainfall  in  the  valley  of  the  Haw  river  is  about  45  inches,  dis- 
tributed as  follows:  spring,  12;  summer,  12;  autumn,  11;  winter,  10; 
its  distribution  throughout  the  year  appears  to  be  quite  uniform. 

The  fall  of  the  stream  between  different  points  will  be  seen  from 
the  following  table,  which  gives  the  elevation  at  several  points;  and  it 
will  be  remarked  that  the  fall  of  the  stream  is  quite  large  for  one  not 
rising  in  the  mountains,  being  much  larger  than  that  of  any  stream, 
or  of  any  part  of  a  stream,  which  we  have  yet  considered,  which  lies  in 
the  middle  division: 
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Tablv  op  Declivity— Haw  rivkr. 


Place. 


a 

1 

• 

i 

1  a 

1  ci 

il 
1' 

^ 

f^ 

it 
If 

11 

08 

"Sea 

.  a 

^ 

:  & 

1 

Miles  Feet.  Miles  Feet.  Feet. 

At  confluence  with  Deep  river O'      180|  I    go      346       6.9 

At  crossing  of  North  Carolina  railroad '       60      476'!        !       „j 

Haw  river  (North  Fork),  at  crossing  of  Piedmont  Air-Line l       77      647  »     ^'      ^  '^       *"* 

Reedy  fork,  at  crossing  of  Piedmont  Ali^Llne ^      676  |'    ^      200       6.7 

The  flow  of  the  stream  in  different  seasons  is  not  known  with  accu- 
racy. Professor  Kerr  states  the  flow  at  its  mouth  to  be  1760  cubic  feet 
per  second,  but  as  this  is  not  low  water,  and  probably  more  nearly  the 
average  flow,  it  is  of  no  value  for  our  computations.  It  is  therefore 
necessary  to  base  our  figures,  as  usual,  on  estimates  from  drainage  area 
and  rainfall.  A  statement  of  the  results  of  flow  measurements  made  on 
Haw  river  about  1  mile  above  its  mouth  will  be  found  on  p.  301.  Meas- 
urements on  the  Cape  Fear  at  Fayetteville  are  given  on  pages  302-305. 

Haw  river  (crossed  almost  at  right  angles  by  three  railroads)  is  not 
very  accessible.  Especially  is  this  the  case  with  that  part  of  the  river 
below  the  crossing  of  the  North  Carolina  railroad  at  Haw  River,  in 
Alamance  county,  while  above  that  point  the  stream  is,  on  the  average, 
about  8  miles  from  the  railroad,  to  which  the  Reedy  fork  nms  nearly 
parallel. 

WATERPOWER    ON    HAW    RIVER. 

The  foregoing  general  sketch  shows  that  the  Haw  river  ought  to 
afford  a  great  deal  of  waterpower  on  account  of  its  rapid  fall  and  the 
fact  that  it  crosses  the  ledges  of  rock  at  large  angles,  and  the  following 
account  of  the  power  on  the  stream  will  show  that  this  is  the  case, 
and  that  the  Haw  river  is  well  fitted,  in  some  respects,  to  become  a 
considerable  manufacturing  stream,  and  indeed  it  is  at  the  present  time 
one  of  the  principal  manufacturing  streams  of  the  state. 

Commencing  at  the  mouth  of  the  river  the  waterpowers  met  with, 
in  ascending  the  stream,  will  now  be  described. 

Bland  mill  site. — The  first  power  is  situated  3  miles  from  the 
junction,  and  just  below  the  mouth  of  New  Hope  river.     It  was  for- 

1  Distances  based  on  measurements  from  a  map,  made  to  follow  the  windings  as  closely  as 
was  practicable. 

"Professor  Kerr's  statement  is  that  the  river  aflTords  200  horsepower  per  foot  of  fall  at  its 
mouth.    (Geol.  Uep.,  p.  39.) 
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merly  utilized  by  a  mill  belonging  to  the  American  Iron  and  Steel 
Company,  and  known  as  the  "  Bland  mill."  The  banks  on  the  east 
are  favorable  for  building,  and  not  often  subject  to  overflow,  while  on 
the  west  rises  a  rocky  bluflf  to  a  height  of  over  a  hundred  feet,  which 
can  supply  an  abundance  of  stone  for  the  construction  of  a  dam  and 
foundations.  Diagonally  across  and  up  the  river  from  the  east  bank 
to  this  rocky  bluff  extended  a  dam,  a  wooden  structure,  300  feet  long, 
7  feet  high,  vertical  in  front,  but  sloping  downward  on  the  up-stream 
side,  and  throwing  the  water  back  for  over  a  mile,  with  an  average  width 
of  200  feet,  the  river  not  being  thrown  out  of  its  banks.  At  the  east 
end  of  tlie  dam  was  a  grist-mill,  running  two  pair  of  stones,  with  7  feet 
fall,  and  using  perhaps  20  horsepower  net.  This  mill  was  run  during 
eleven  months  of  the  year,  but  during  the  remaining  month  was  troubled 
with  backwater  on  account  of  the  small  fall.  There  was  at  all  times, 
of  course,  a  great  excess  of  water.  In  the  summer  of  1880  about  80 
feet  of  the  dam  at  the  western  extremity  was  undermined  and  carried 
away  by  a  freshet.  It  was  subsequently  rebuilt,  but  was  again  washed 
away.  The  ri\nBr  here  is  about  250  feet  wide,  and  the  water  rises  very 
high  in  freshets,  sometimes  20  or  30  feet,  but  there  is  no  trouble  with 
ice.  The  drainage  area  above  this  power  being  about  1675  square  miles, 
the  power  is  estimated  as  in  the  following  table: 

Tablv  of  Powbk  at  the  Bland  mill. 


State  of  flow.  I  ^™*ea.^®  \      *"*"• 


(See  pages  54  to  59.)  I  Sq.  miles.  I      Feet. 

Minimum l 

Minimum,  low  season V  1^75  7 

Low  season,  dry  years \ 


Flow  per 
second. 


Cubic  feet. 


/a 


Horsepower  available 
erross. 


1  foot  fall. 


280  !  82.3 

335  I  38.0 

im  \  43.5 


7  feet  fall. 


270 
300 


The  effect  of  the  uniform  distribution  of  the  rainfall  is  to  render  the 
flow  more  variable  and  to  decrease  the  minimum  flow,  while  at  the 
same  time  the  total  amount  of  power  or  flow  available,  with  storage, 
is  increased  beyond  what  it  would  be  were  the  summer  fall  greater.  It 
is  stated  that  the  flow  of  this  stream  is  very  variable.  To  render 
the  maximum  flow  available,  with  storage,  would  require  the  con- 
struction of  storage-reservoirs  with  a  capacity  in  all  of  at  least  900,- 
000,000  cubic  feet,  which  would  require,  for  instance,  if  only  one 
roservoir  were  used,  one  of  say  2  miles  square  and  between  8  and  9 
feet  deep.  Such  a  large  amount  of  storage  would,  of  course,  be  very 
expensive.  The  pond  at  the  Bland  mill  was,  of  course,  not  large  enough 
to  furnish  any  appreciable  storage,  or  to  allow  of  the  concentration  of 
the  available  power  into  working  hours.     The  site  is  not  an  especially 
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good  one  for  large  establishments  on  account  of  the  small  fall  and  the 
trouble  resulting  from  backwater.  It  is,  however,  very  favorably 
located  within  a  few  miles  of  the  Raleigh  and  Augusta  Air  Line  lail- 
road,  and  in  a  healthy  part  of  the  state. 

Hartsaws  mill  site. — The  next  power  above  this  is  situated  about 
2  miles  further  up  the  stream,  and  is  not  improved.  It  is  known  as 
Hartsaws  site,  and  it  is  said  that  the  available  fall  amounts  to  6  feet. 
Being  above  the  mouth  of  the  New  Hope,  the  drainage  area  amounts 
to  about  1320  square  miles,  and  the  power  available  will  be  about  0.67 
of  that  at  the  Bland  mill,  or  as  follows: 


state  of  flow. 


(See  pages  64  to  69.) 

Minimum 

Minimum,  low  season 

Low  season,  dry  years 


PowBR  AT  Hartsaws  sitb. 


Drainage 
area.      | 


Fall. 


I  Flow  per  .  Horsepower  available, 
'    second.  gross. 


Sq.  miles.       Feet. 


Cubic  feet. 

1  foot  fall. 

6  feet  fall. 

1- 

218 
264 
800 

24.7 
80.0 
84.0 

150 
1« 
200 

MooBES  MILL  SITE. — The  next  power  is  Moores  mill,  improved  and 
in  use,  situated  some  3  miles  above  Hartsaws.  There  is  no  dam,  but 
a  race  some  200  yards  long  leads  to  the  mill — a  grist-mill,  with  2  or  3 
run  of  stones.  Formerly  there  was  also  here  a  saw-mill,  cotton-gin 
and  foundry,  using  a  fall  of  some  10  feet  and  a  small  amount  of  power. 
The  shoal  is  about  a  mile  long,  and  the  total  fall  is  said  by  good  judges 
to  be  about  22  feet;  but  the  place  has  not  been  examined,  aiA  this  state- 
ment cannot  be  vouched  for.  In  dry  weather  a  rough  dam  of  stone  turns 
the  water  into  the  race,  but  this  is  disturbed  in  freshets,  and  in  ordinary 
times  is  not  necessary.  The  power  formerly  used  we  are  unable  to  state 
exactly;  that  available,  assuming  the  fall  to  be  22  feet,  is  estimated  in 
the  following  table: 

POWBR  AT  MOORBS  MILI^ 


State  Of  flow.  |  ^J^i*^^ 

(See  pages  64  to  fi9.)  |  Sq.  miles. 

Minimum i  ) 

Minimum,  low  season '  V       1,800 

Low  season^  dry  years !j 


This  site,  one  of  the  best  on  Haw  river,  is  quite  easily  accessible, 
being  only  about  six  miles  from  the  Raleigh  and  Augusta  Air  Line 
railroad,  and  about  the  same  distance  from  Pittsboro,  the  county-seat 
of  Chatham  county.  It  is  well  worthv  of  the  attention  of  capitalists 
desiring  to  locate  in  this  vicinity. 


WATERPOWEB   ON    HAW    RIVEB.  149 

Williams  mill  site. — The  next  power  is  about  1^  miles  above 
Moores  mill  and  is  known  as  Williams  mill.  It  is  a  small  saw-  and 
gri^t-mill  and  foundry,  all  very  much  in  need  of  repair.  There  is  a  fall 
of  about  7  feet  in  use,  but  the  dam  could  be  raised  and  from  3  to  4 
feet  more  obtained  without  overflowing  any  valuable  land.  The  site, 
however,  is  not  a  very  good  one  for  a  mill  of  any  size,  as  the  river  is 
divided  by  an  island  half  a  mile  long  or  more  and  the  river  is  very 
wide.  The  pond  is  about  450  yards  long,  and  starting  from  its  head 
there  is  a  fall  of  12  to  14  feet  in  the  next  three-quarters  of  a  mile. 
The  river  is,  however,  full  of  little  islands. 

Next  comes  a  second  unimproved  site,  known  as  the  Seven  Island 
shoal,  where  the  fall  is  said  to  be  7  feet.  It  is  2  miles  above  the  one 
last  mentioned,  and  the  power  is  tabulated  beyond. 

Henley's  mill  site. — Next  comes  the  mill  site  formerly  owned  by 
Stephen  Henley,  now  owned  by  W.  L.  London  of  Pittsboro,  about  IJ 
miles  above  Seven  Islands,  and  just  about  on  the  road  from  Pittsboro 
to  Ealeigh,  and  12  or  13  miles  from  the  mouth  of  the  stream.  A 
wing-dam  500  feet  long  and  3^  feet  high  extended  across  to  an  island 
and  served  to  turn  the  water  into  the  race,  which  carried  it  about  100 
yards,  afFording  a  fall  at  the  mill  of  8  feet.  The  dam  was  built  in 
1874  and  1875  at  a  cost  of  some  $500,  and  is  of  rock,  planked  over,  and 
backed  the  water  some  600  feet.  There  was  here  formerly  a  grist-mill, 
which  used  about  50  horsepower.  It  was  situated  on  the  west  bank, 
but  the  principal  channel  of  the  river  is  on  the  east  side  of  the  island 
above  referred  to,  which  is  about  half  a  mile  long.  The  mill  is  not 
now  used.  The  fall  at  this  place  is  estimated  at  about  16  feet.  Tak- 
ing this  estimate  as  correct  (though  we  cannot  vouch  for  it),  the  avail- 
able power  at  this  place  may  be  estimated  as  follows: 

Table  of  Powsr  at  Hbnlbt^s  kill. 


State  of  flow.  j  ^?rea.'* 


(See  paves  64  to  59.)  |  Sq.  m ilea. 

Minimum \) 

Minimum,  low  season ,  >        1,285 

IjOw  season.  «lry  years '  \ 


Fall 
assumed. 


Flow  per  |  Horsepower  availiible, 
second.  gross. 


The  next  power  is  Brown's  old  mill  site  now  owned  by  Daniel  Till- 
man. The  fall  here  is  about  6  feet  in  350  or  400,  over  loose  rock 
bottom.  The  east  bank  of  the  stream  here  is  rather  soft  and  muddy 
and  a  good  dam  could  not  be  built.  Two  mills  have  been  washed  away 
here,  and  the  site  is  of  very  little  importance. 

The  next  is  an  imimproved  fall  of  some  8  feet,  belonging  to  the 
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Bynum  Manufacturing  Company,  formeriy  used,  but  now  altogether 
abandoned.     The  estimated  power  is  given  in  the  table. 

Bynums  mill. — The  most  important  waterpower  on  this  portion,  of 
the  river  is  that  at  Bynums,  four  miles  above  Henley's  mill  and  17 
miles  above  the  mouth  of  the  river.  Here  is  located  the  cotton-mill  of 
the  Odell  Manufacturing  Company  (containing  4500  spindles),  a 
cotton-gin,  corn-mill,  and  roller  flour-mill,  all  operated  by  water  from 
the  same  race.  The  dam  is  8i  feet  high  and  500  feet  long,  ponding  the 
water  over  10  or  12  acres.  A  race  600  yards  long  leads  to  the  mill, 
where  the  fall  is  16  feet  and  the  power  developed  is  about  125  horse- 
power. 

The  following  table  gives  the  estimated  flow  and  power: 
TABiiB  OP  Power  at  Btnumb. 


state  of  flow. 


Drainaire 
area. 


(See  pages  64  to  69.)  |  Sq.  miles. 

Minimum I ) 

Minimum,  low  season V 

Low  seasoD,  dry  years '  S 


1,280 


Fall. 


I  Flow  per  i  Horsepower  available, 
second.    '  gross. 


Feet.     I  Cubic  feet. ;  1  foot  fall.  !16  feet  fall. 


16 


,( 


aoo 

260 
280 


28.4 

28.4  I 
82.4 


375 
4S0 
510 


One  mile  or  less  above  Bynums  is  R.  J.  Powell's  mill  site,  the  mill 
having  been  burnt  some  years  ago.  The  dam  was  of  wood  and  stone, 
extending  entirely  across  the  river,  and  a  fall  of  about  7  feet  was  used. 

Less  than  a  mile  above  Powell's  is  Burnett's  unimproved  site,  where 
the  available  fall  is  said  to  be  about  6  feet. 

Pace's  mill. — A  short  distance  above  this  is  Pace's  mill.  The  dam 
here  is  100  feet  long  and  8  feet  high,  from  which  a  race  450  feet  long 
leads  to  the  mill,  where  a  fall  of  14  feet  is  used.  Mr.  Pace  has  a  flour- 
and  corn-mill,  with  four  pair  of  stones,  a  saw-mill,  wagon-shop  and 
blacksmith-shop.  He  writes  that  upon  his  property,  which  extends  for 
three-quarters  of  a  mile  along  the  river,  there  are  two  sites  not  used — 
one  below  the  mill,  with  10  feet  fall,  and  another  above,  with  13  feet 
fall — available,  with  a  dam  4  feet  high,  600  feet  long,  and  a  race  600 
feet  long. 

Table  op  Power  at  Pace's  mill. 


State  of  flow. 


(See  pages  54  to  59.) 

Minimum 

Minimum,  low  season 

Low  season,  dry  years 


Drainage 
area. 


Sq.  miles. 
i        1,209 


Fall. 


Feet. 


Flow,  per 
second. 


Cubic  feet. 

(  102 

<  237 

f  273 


Horsepower  available, 
gross. 


1  foot  fall. 

21.8 
27.0 
31.0 


14  feet  fall. 

305 
878 
434 
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The  next  mill  above  Pace's  is  Love's,  about  three  miles  above,  but 
between  the  two  it  is  said  that  there  are  several  sites  not  used.  The 
river  is  said  to  be  quite  rapid  at  this  point  of  its  course.  At  Love's  mill 
there  is  a  dam  across  the  river  700  feet  long,  giving  with  a  race  400 
yards  long,  a  fall  of  11  feet  at  mill,  which  is  a  grist-  and  saw-mill. 

Above  Pace's  mill,  and  about  2i  miles  from  Love's  mill,  there  is  the 
old  site  of  the  Willis  Dark  mill.  There  was  a  grist-mill  here,  but  at 
present  both  mill  and  dam  are  gone.  The  fall  is  small — ^about  6  feet 
in  nearly  a  mile — but  a  good  dam  could  be  built  and  there  is  ample 
building  room. 


Tabls  of  Power  at  Lovb*b  kilIj. 


state  of  flow. 


(See  pages  54  to  69). 

Minimum  

3f inimum«  low  season  

Low  season,  dry  years 


Sq.  miles. 


i  1. 


Ifi5 


Fall. 

Feet. 
11 


I 


Flow  per  i    Horsepower  avail- 
second,   j  able,  gross. 


Cubic 
feet. 

184 
280 
260 


-t 

II  foot  fall. 


80.9 
2A.1 
29.6 


11  ft.  fall 


280 
280 


Above  Love's  mill,  the  first  site  is  known  as  the  "  Jeanes' "  fall. 
Here  there  is  a  fall  of  about  6  feet  in  600,  over  rock  ledges.  The  loca- 
tion is  not  a  very  good  one  for  building  a  dam. 

The  first  improved  power  above  is  some  ten  miles  farther  up,  in 
Alamance  county,  near  the  Orange  line.  Before  leaving  Chatham 
<;ounty  it  may  be  said  that,  according  to  the  foregoing,  it  is  clear  that 
Haw  river  offers  a  large  amoimt  of  power  in  its  course  through  the 
<5ounty,  very  little  of  which  is  utilized,  but  a  large  proportion  of  which 
is  available.  The  bed  and  banks  are  almost  everywhere  good,  the  coun- 
try hilly,  but  not  moimtainous,  and  the  climate  healthy.  A  disadvan- 
tage in  the  use  of  the  small  falls  which  have  been  mentioned  lies  in 
the  sudden  and  large  rise  to  which  the  river  is  subject  on  accoimt  of 
the  narrowness  of  the  bottoms.  Although  in  some  places  the  fall  is 
considerable  in  a  short  distance,  yet  on  the  whole  the  declivity  of  the 
stream  seems  to  be  tolerably  uniform,  while  the  width  of  the  stream 
seems  to  be  on  an  average  some  400  feet  or  more. 

Saxapahaw. — ^The  next  power  above  Love's  mill  is  Saxapahaw  fac- 
tory, near  Saxapahaw.  The  dam  extends  entirely  across  the  stream, 
and  is  about  376  feet  long  and  3  feet  high,  built  of  wood  in  1878  and 
1879,  and  backing  the  water  about  a  mile,  with  an  average  width  of 
350  feet.  A  race  a  mile  long  leads  to  the  factory,  where  160  horse- 
power is  said  to  be  developed  with  19  feet  fall.     The  mill  is  a  cotton- 


152  THE    CAPE   FEAR    RIVEll    AND    TBIBUTARIES. 

mill,  containing  4704  spindles  and  100  looms.  Estimates  of  the  power 
will  be  found  in  sufficient  detail  in  the  table  giving  the  summary.  This 
mill  being  above  the  mouth  of  the  Big  Cane  and  several  other  creeks^ 
the  stream  is  considerably  smaller  than  at  Love's. 

Newlin's  mill. — The  next  power  above  Saxapahaw  is  at  !Newlin'5 
grist-mill.  The  dam,  now  in  bad  condition,  is  of  wood  and  stone,  900 
feet  long  and  5  feet  high,  built  in  1875  at  a  cost  of  $3500;  and  from  it 
leads  a  race,  400  yards  long  and  10  feet  wide,  conducting  the  water  to 
the  mill,  where  the  fall  is  9  feet,  the  power  used  being  probably  some 
40  horsepower  net,  with  three  turbine-wheels.  The  pond  covers  some 
30  or  40  acres,  with  an  average  depth  of  6  feet  or  over,  but  the  stream 
is  not  thrown  out  of  its  banks.  This  power  is  located  2^  miles  above 
Saxapahaw  in  Alamance  county.  The  power  is  estimated  in  the  table 
on  p.  155. 

The  next  power  is  an  undeveloped  one  owned  by  the  Virginia  Cotton- 
Mills  Company,  of  Swepsonville,  Alamance  county.  There  was  foi^ 
merly  a  grist-mill  here,  operated  by  Seymour  Puryear,  but  this  has  long 
since  gone  down.  The  available  fall  here  is  some  7  or  8  feet,  and  we 
understand  that  a  project  is  now  on  foot  to  develop  this  site  and  trans- 
mit the  power  electrically  to  Swepsonville,  about  one  mile  above. 

ViBQiNLA  CoTTON-MiLLS. — The  ucxt  mill  is  that  of  the  Virginia  Cot- 
ton Mills  Company.  This  mill  contains  200  looms  and  4160  spindles. 
The  dam  is  of  wood,  550  feet  long,  7  feet  high,  built  in  1876  at  a  cost 
of  about  $3000,  and  fr6m  it  a  race  450  yards  long  leads  to  the  mill, 
where  the  fall  is  13  feet  and  the  power  used  160  horsepower,  devel- 
oped by  two  61-inch  turbine-wheels.  Full  capacity  can  be  obtained  all 
the  time  except  in  the  dryest  seasons.  The  factory  was  burned  in 
June,  1881,  but  has  been  rebuilt. 

Granite  Cotton-ahlls. — ^We  next  come  to  the  Granite  cotton-mills, 
owned  by  the  Thomas  M.  Holt  Manufacturing  Company,  at  Haw  River, 
just  above  the  crossing  of  the  Xorth  Carolina  railroad.  These  mills 
contain  8500  spindles  and  436  looms,  all  operated  by  waterpower.  The 
dam  is  of  wood  and  stone,  640  feet  long  and  12  feet  high,  and  backs 
the  water  about  IJ  miles.  There  is  no  race,  the  mill  being  located 
directly  at  the  dam.  The  working  head  is  12  feet  and  the  power  devel- 
oped is  450  horsepower,  developed  by  two  60-inch  turbines,  set  in  a 
forebay  of  masonry  costing  about  $25,000  (fig.  14).  These  miUs  are 
frequently  troubled  by  lack  of  water  in  dry  seasons,  and  have  an  aux- 
iliary st^am-plant. 

At  the  head  of  the  Granite  mill  pond  is  Sellers'  mill  site,  not  now 
used,  said  to  have  12  feet  fall. 
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JuANiTA  CorroN-MiLL. — Two  and  one-half  miles  above  is  the  Juanita 
cotton-mill,  containing  6300  spindles.  The  fall  here  is  14  feet,  7  being 
given  by  the  dam,  which  is  of  wood  and  467  feet  long,  backing  water  for 
three-quarters  of  a  mile.  The  race  is  200  feet  long.  The  power  devel- 
oped is  136  to  140  horsepower,  given  by  two  58-inch  turbine-wheels. 
In  very  dry  seasons  about  one-half  day  a  week  is  lost  for  want  of  water. 
The  company  also  operates  a  small  grist-mill. 

Carolina  Cotion-mill. — About  one  mile  above  the  Juanita  mill  is 
the  Carolina  cotton-mill  (J.  H.  &  W.  E.  Holt  &  Co.),  which  contain  58 
looms  and  3070  spindles.     The  dam  was  built  in  1868,  and  is  a  frame 
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FIG.  14.-QRANITE  COTTON  MILLS,  HAW  RIVER. 

dam  with  stone  abutments  about  200  feet  long  and  6  feet  high,  making 
a  pond  of  3  acres  and  giving  a  fall  of  15  feet  at  the  mill,  three-quarters 
of  a  mile  below,  where  150  horsepower  is  used. 

Glencoe  MiLL.^-One  mile  above  is  the  Glencoe  mill,  containing 
186  looms  and  3500  spindles,  on  the  site  of  the  old  Company  mills.  The 
dam,  constructed  of  stone  and  wood,  was  built  long  ago  and  is  about 
320  feet  long  and  9  feet  high,  giving  a  fall  of  15  feet  with  a  race  400 
yards  long.  It  is  claimed  that  160  horsepower  can  be  obtained  during 
at  least  90  per  cent,  of  the  time. 

Two  and  one-half  miles  north  of  Burlington  is  an  old  grist-mill  (Ire- 
land's) not  now  used.     The  fall  is  said  to  be  6  feet. 


154  THE   CAFE   FEAB    BIVEB   AND    TBIBUTABIES. 

Altamahaw  Cotton-mux. — The  highest  power  on  the  river  is  about 
5  miles  from  Gibsonville  station  on  the  North  Carolina  railroad.  This 
is  the  site  of  the  Altamahaw  cotton-mill,  owned  by  Holt,  Gant  &  Holt, 
containing  394  looms  and  6500  spindles.  The  dam  is  350  yards  above 
the  mill  and  is  300  feet  long  and  15  feet  high,  backing  the  water  three 
miles.  The  fall  at  the  mill  is  20  feet,  and  the  horsepower  used  in  the 
mill  is  300,  50  of  this  being  obtained  from  the  engine,  which  is  used 
all  the  time.     The  dam  is  of  stone,  built  some  years  ago. 

From  the  above  sketch  it  will  be  seen  that  the  waterpower  on  Haw 
river  is  quite  extensively  used,  especially  on  the  upper  parts  where  the 
stream  is  more  accessible.  Haw  and  Deep  rivers,  together  with  the 
south  fork  of  the  Catawba,  yet  to  be  described,  are,  in  fact,  the  prin- 
cipal manufacturing  streams  of  North  Carolina. 
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THE  TRIBUTARIES  OF  HAW  RIVER. 

The  first  considerable  tributary  met  with  in  ascending  the  river  is 
New  Hope  river,  which  enters  from  the  west,  after  flowing  through 
Orange  and  Chatham  counties,  and  draining  an  area  of  some  317  square 
miles.  The  substance  of  what  can  be  learned  regarding  this  stream  is 
that  it  is  generally  sluggish,  flowing  through  a  level  country,  and  with- 
out waterpower  of  any  importance,  the  only  mills  being  a  few  small 
local  grist-mills  and  saw-mills.     The  power  used  is  tabulated  farther  on. 

Cw)VJER  Orchard  and  Snow  Camp  Mills. — The  succeeding  tribu- 
taries of  the  Haw  river  are  small  and  unimportant  until  we  reach  Can^ 
creek,  which  enters  from  the  west,  at  the  extreme  southwest  comer  of 
Orange  county.  It  rises  in  the  extreme  west  of  Alamance  county,  with 
some  tributaries  from  Chatham,  and  flows  very  nearly  due  east  and  only  a 
mile  or  so  from  the  county-line,  but  without  leaving  Alamance.  It  has 
more  fall  than  the  streams  entering  Haw  river  from  the  east,  but  is 
specially  mentioned  chiefly  on  account  of  its  ha\dng  had  located  on  it 
one  factory,  the  Clover  Orchard  cotton-factory,  which  is  situated  some 
10  miles  from  its  mouth.  The  length  of  the  stream,  in  a  straight  line, 
is  about  20  miles,  and  its  drainage  area  73  square  miles.  The  factory 
above  referred  to  was  closed  some  years  ago  and  the  machinery"  removed. 
With  it  was  connected  a  grist-mill,  both  using  a  fall  of  23  feet  and  50 
horsepower,  which  could  be  obtained  during  nine  months  of  the  year, 
the  average  during  the  remaining  three  months  being  25  horsepower, 
during  which  period  auxiliary  steam-power  was  used.  The  mill  being 
run  only  during  12  hours,  and  there  being  no  waste  at  night  in  dry 
seasons,  the  natural  flow  of  the  stream  would  afford  only,  say,  10  horse- 
power in  low  seasons,  and  probably  much  less  when  at  its  lowest.  The 
dam  is  of  rock,  120  feet  long  and  17  feet  high,  and  backs  the  water 
about  a  mile;  the  factory  is  300  yards  below. 

A  mile  or  more  above  the  old  Clover  Orchard  factory  site  is  the  Snow 
Camp  woolen-mill,  which  contains  11  looms  and  400  spindles.  A  dam 
12  feet  high  and  70  feet  long  gives  a  fall  of  16  feet,  and  is  claimed  to 
develop  40  horsepower  during  the  larger  part  of  the  year.  This  is 
supplemented  by  a  small  steam-plant. 

Alamance  and  Bellemont  CoxTON-^nLLS. — The  next  important 
tributary  is  Alamance  creek,  which  rises  in  the  eastern  part  of  Guil- 
ford county,  pursues  a  general  direction  nearly  due  east,  emptying  into 
Haw  river  about  4  miles  below  the  railroad  crossing.  Its  length  is  in 
the  neighborhood  of  25  miles,  and  its  drainage  area  about  237  square 
miles.  It  receives  as  tributaries  two  creeks  called  Little  Alamance, 
from  the  north,  and  Stinking  Quarter  creek,  from  the  south.     There 
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are  only  two  powers  on  the  stream  worth  mentioning,  viz.  Alamance 
cotton-faetorj'  (E.  M.  Holt's  Sons)  and  Bellemont  cotton-mill  (L.  B. 
&  L.  Holt). 

Alamance  cotton-mill  contains  94  looms  and  960  spindles,  using 
about  50  horsepower.  The  dam  is  of  stone,  10  feet  high  and  125  feet 
long,  and  with  a  race  250  yards  long,  gives  a  fall  of  12^  feet  at  the  mill. 
There  is  a  supplementary  steam-plant  that  is  used  during  very  dry 
seasons. 

The  Bellemont  mill  is  located  on  Big  Alamance  creek  about  5  miles 
from  Burlington.  It  contains  2592  spindles  and  126  looms  and  uses 
about  150  horsepower,  developed  for  nine  months  of  the  year  by  water, 
for  the  other  three  it  is  necessary  to  supplement  this  with  steam.  The 
dam  is  11  feet  high  and  100  feet  long,  built  of  wood.  There  is  no 
race,  the  wheel-house  being  situated  directly  at  the  dam. 

REEDY  FORK. 

The  Reedy  fork  of  Haw  river  and  the  other  tributaries  and  forks  in 
the  upper  part  of  the  drainage  basin  offer  some  powers  utilized  to  some 
extent  by  saw-  and  grist-nwUs,  and  one  cotton-mill  (the  Ossipee).  The 
country  is  quite  flat  in  the  upper  part  of  the  basin,  and  there  are  no 
falls  in  the  streams. 

Ossipee  Mill. — The  Ossipee  mill  is  located  on  the  south  side  of 
Reedy  fork,  about  H  miles  above  the  junction  of  this  stream  with  Haw 
river.  It  contains  300  looms  and  3600  spindles.  The  dam  is  10  feet 
high  and  150  feet  long,  giving  a  fall  of  11  feet  at  the  mill  and  develop- 
ing 160  horsepower  during  nine  months.  This  is  supplemented  by 
steam  during  the  dry  season. 

THE  CAFE  FEAR  TBIBUTABIES— DEEF  BIVBE. 

This  stream  rises  in  the  western  part  of  Guilford  county,  North 
Carolina,  near  the  sources  of  the  Haw  river,  flows  in  a  southeasterly 
direction  through  Randolph  county  and  into  iJoore,  where  it  bends 
quite  abruptly,  and  flows  a  little  north  of  east  into  Chatham  county, 
where  it  joins  the  Haw  to  form  the  Cape  Fear.  Its  length  is  about 
the  same  as  that  of  the  Haw  river,  and  its  drainage  area  is  1350  square 
miles.  It  has  only  one  important  tributary,  Rocky  river,  from  the 
north,  which  enters  Deep  river  about  4  miles  above  Lockville,  and 
drains  an  area  of  205  square  miles,  all  in  Chatham  county.  The  most 
important  towns  on  Deep  river  are  Lockville,  near  the  mouth,  Frank- 
linville,  Cedar  Falls,  Ramseur  and  Randleman,  in  Randolph  county. 

The  drainage  basin  of  Deep  river  resembles  that  of  Haw  river  so 
closely  that  it  is  not  necessary  to  describe  it  in  detail.     In  its  lower 
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part  the  river  flows,  with  a  tortuous  course,  through  a  narrow  valley 
with  abrupt  banks,  and,  in  a  few  cases,  perpendicular  and  overhanging 
cliffs  some  100  feet  high. 

The  rainfall  on  the  basin  is  a  little  greater  than  on  that  of  Haw  river, 
with  rather  more  rain  in  winter,  as  will  be  seen  from  the  maps  in  the 
Smithsonian  publications.  The  flow  of  the  river  is  rather  more  varia- 
ble, owing  probably  to  the  fact  that  a  greater  number  of  its  tributaries 
rise  in  the  slate  country  and  become  nearly  dry  in  summer.  For  the 
same  reason,  the  freshets  are,  on  the  whole,  more  violent,  and  the  river 
rises  oftener  above  its  banks,  overflowing  the  bottoms  on  the  lower  part 
to  a  depth  of  10  or  12  feet.  On  the  upper  part  of  the  river  there  are 
probably  sites  for  reservoirs,  although  Guilford  and  the  neighboring 
counties  are,  on  the  whole,  not  very  favorable  for  their  construction, 
being  too  flat. 

The  following  are  some  elevations  on  the  stream,  with  distances 
measured  from  the  map,  and  resulting  declivities: 
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From  this  it  appears  that  the  fall  of  the  stream  is  not  much  different 
from  that  of  Haw  river,  though  greater  in  its  upper  part. 

Gaugings  of  the  Cape  Fear  river  at  Fayetteville  have  been  made  by 
the  U.  S.  Weather  Bureau  and  the  U.  S.  Army  engineers  for  20  years; 
and  by  the  U.  S.  Geological  Survey  and  State  Geological  Survey  for 
three  years  (see  pp.  302-305) ;  and  gaugings  of  Deep  river,  a  short  dis- 
tance above  its  junction  with  the  Haw,  have  been  made  during  the 
past  year  (p.  301). 

As  will  be  seen  from  the  map,  the  river  is  now  fairly  accessible,  being 
crossed  by  the  Durham  and  Charlotte  railroad  near  Carbonton,  and  by 
the  Southern  railroad  near  Jamestown,  and  being  tapped  by  the  C.  F. 
<Sr  Y.  Y.  railroad  at  Gulf,  Cedar  Falls  and  Ramseur  on  the  north- 
east side  of  the  river,  and  by  the  Southern  railroad  at  Randleman  on 
the  southwest  side.  A  number  of  manufacturing  establishments  have 
been  located  at  various  points,  especially  in  Randolph  county,  shipping 
their  products  by  the  railroad  lines  just  mentioned. 
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WATERPOWER  ON  DEEP  RIVER. 

The  following  are  the  more  important  mills  and  sites: 
LooKVTLLE. — The  first  power  on  the  river  is  at  Lockville,  about  2 
miles  from  the  mouth  of  the  river.  The  falls,  known  as  Pullins  falls, 
were  overcome  by  the  Navigation  Company,*  and  navigation  established 
around  them  by  means  of  2  dams  and  a  canal  leading  down  the  river 
from  the  lower  one,  with  an,  outlet-lock  into  the  river  at  the  lower  end 
of  the  town,  with  a  single  lift  of  24  feet.  The  lower  dam  is  600  or 
700  feet  long,  11  feet  high,  built  of  crib-work  filled  with  stone,  with  a 
vertical  back,  and  a  face  sloping  down  to  about  1  foot  above  low  water, 
the  base  being  30  feet  wide,  up  and  down  stream.  It  is  said  to  have 
cost  about  $14,000.  It  does  not  extend  straight  across  the  river,  but 
has  the  shape  of  a  letter  V,  apex  up-stream  (Plate  V),  and  backs  the 
water  half  a  mile,with  an  average  width  of  about  700  feet,  to  the 
upper  Lockville  dam.  The  foundation  is  rock,  and  the  dam  is  not,  to 
any  great  extent,  liable  to  injury  by  freshets.  The  canal  which  leads 
from  the  dam  is  less  than  half  a  mile  long,  with  a  guard-lock  at  its 
head  having  a  lift  of  two  feet,  and  the  high  lock  at  its  outlet  below. 
All  along  this  canal  are  magnificent  sites  for  mills,  which  could  use  a 
fall  varying  between  11  and  24  feet,  with  perfectly  safe  locations.  The 
following  mills  were  in  use  in  1881,  all  owned  by  the  Navigation  Com- 
pany, viz,  1  cotton-gin,  14  feet  fall;  1  saw-mill,  16  feet;  1  grist-mill, 
16  feet;  1  foundry,  18  feet;  1  grist-mill,  18  feet;  1  machine-shop,  18 
feet;  all  on  the  canal,  fed  directly  from  it,  and  discharging  the  water 
into  the  river.  The  aggregate  power  used  by  these  mills  was  not 
exactly  known,  but  was,  perhaps,  in  the  neighborhood  of  150  horse- 
power. Since  that  time  the  foundry  and  saw-mill  have  both  been  burned 
and  abandoned;  and  the  machine-shop  has  been  replaced  by  a  roller  flour- 
mill,  capacity  40  barrels  a  day,  owned  by  John  Barringer.  The  other 
sites  and  the  general  power  are  now  owned  by  the  American  Iron  and 
Steel  Company.  There  was  always  a  waste  of  water,  and  there  were 
about  16  days  in  the  year  when  there  was  trouble  with  backwater,  the 
river  at  the  outlet-lock  being  probably  less  than  300  feet  wide.  In 
high  freshets  the  water  rises  5  feet  on  the  dam.  The  canal  was  40  feet 
wide,  and  originally  6  feet  deep.  With  a  fall  of  a  foot  to  the  mile 
it  could  probably  be  made  to  carry  the  entire  flow  of  the  stream  at  low 
water;  so  that  the  entire  power  at  this  place  is  really  at  present  avail- 
able, except  that  the  wood-work  of  all  the  dams  of  the  company  was  in 
bad  condition,  badly  rotten,  and  there  was  considerable  leakage. 

See  pa^  138. 
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The  drainage  area  above  this  place  being  about  1350  square  miles, 
the  flow  and  power  are  estimated  as  in  the  following  table: 

Tabids  of  Power  Availablk  at  LocKviZiUE. 


State  of  flow. 


DratDage  :      p^ii  Flow,  per 

area.  '""'  second. 


(See  paires  64  to  59.)  ,  Sq.  miles.  I     Feet.       Cubic  feet. 

Minimum )  |  1  216 

Minimum,  low  season }        1,850'  ^i   i  ^^ 

Low  seasons,  dry  years \ ' '  /  298 


Horsepower  available, 
gro9f. 


1  foot  fall.  24  feet  fall. 

24.5  '  590 

29.1  700 

33.8  800 


In  our  opinion  in  low  water  the  reservoir  room  would  be  sufficient  to 
allow  of  the  concentration  of  power  into  12  hours  to  such  an  extent  as 
to  increase  the  minimum  power  by  50  per  cent,  at  least. 

This  power  is  an  excellent  one  in  all  respects.  A  branch  of  the 
Raleigh  and  Augusta  Air  Line  railroad  leads  directly  to  the  milk 
There  is  an  abundance  of  fine  building  stone  in  the  neighborhood.  There 
is  no  trouble  with  ice,  and  little  with  high  water.  The  river  is  navi- 
gable up  to  Carbonton,  so  that  the  copper  deposits  near  Cumnock,  the 
coal-beds  and  the  iron  ores  of  the  valley  are  easy  of  access.  The  loca- 
tion is  healthy,  and  indeed  there  seems  to  be  no  reason  why  a  large 
amount  of  power  should  not  be  utilized  at  this  place.  The  two  Lockville 
dams,  the  Gorgas  site,  and  the  Buckhom  and  Battles  falls  properties 
have  been  purchased  recently  (March,  1899)  by  a  new  electric  power 
company,  and  are  to  be  developed  at  an  early  date. 

The  second  Lockville  dam,  half  a  mile  above  the  first  one,  was  of 
similar  construction,  and  extended  straight  across  the  river,  its  length 
being  about  700  feet,  its  height  16  feet,  and  its  pond  2  miles  in  length, 
up  to  the  Gorgas  canal,  with  an  average  width  of  about  600  feet.  This 
dam  has  been  largely  washed  away,  and  it  would  probably  cost  some 
$12,000  to  rebuild  it.  The  lock  at  its  north  end  is  115  feet  long,  18 
feet  wide,  with  a  lift  of  16  feet.  The  banks  between  this  dam  and 
the  one  below  are  steep  and  rocky  on  the  north  side  and  shelving  on  the 
south.  The  available  power  here  could  best  be  used  on  the  south  side, 
unless  it  were  desired  to  use  it  at  Lockville,  in  which  case  a  canal 
or  flume  should  be  built  on  the  north  side.  A  canal  20  feet  wide  and 
6  feet  deep  would  probably  suflSce  to  carry  the  minimum  flow,  with  a 
fall  of  li  feet  per  mile.  During  the  war  there  was  a  grist-mill  on  the 
right  bank,  but  the  dam  was  not  sufliciently  secured,  and  it  was  washed 
around  at  this  end.  It  was  rebuilt  in  1874,  when  the  last  company 
put  the  works  in  order,  and  150  or  200  feet  of  the  south  part  were  put 
in,  at  a  cost  of  $10,000,  several  accidents  happening  during  the  work. 
The  power  at  this  dam  w^as  easily  available,  although  there  had  been  no 
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steps  taken  to  utilize  it.  The  amount  of  water  is  the  same  as  at  the 
lower  dam,  and  the  available  power  less  in  proportion  to  the  fall,  i.  e. 
two-thirds  of  that  in  the  last  table.  In  this  case,  too,  the  reservoir-room 
would  probably  be  ample  to  allow  of  the  concentration  of  power  and  to 
render  double  the  low-season  flow  available  during  12  hours. 

GoRGAs  DAM. — Two  and  a  half  miles  above  the  second  Lockville  dam 
was  located  the  Gorgas  dam,  just  below  the  mouth  of  Rocky  river, 
extending  straight  across  the  river,  about  600  feet  long  and  7  feet  high, 
built  of  cribs  filled  with  stone,  vertical  on  both  sides,  and  with  a  width 
of  6  or  8  feet,  and  backing  the  water  up  to  the  Endor  dam,  a  distance 
of  about  7  miles  or  a  little  less,  with  an  average  width  of  about  500  feet. 
It  was  washed  away  some  years  ago.  This  dam  was  at  the  head  of  a 
canal  half  a  mile  long,  the  third  of  the  navigation  canals,  with  guard- 
and  outlet-locks,  at  the  latter  of  which  was  a  grist-mill  taking  water 
from  the  canal,  using  7  to  8  feet  fall  and  perhaps  20  or  25  horsepower, 
with  2  run  of  stones.  Full  capacity  could  be  secured  all  the  time, 
except  for  about  15  days  in  the  year,  when  the  river  is  high.  The  loca- 
tion is  a  veiy  favorable  one  for  building,  and  all  the  available  power 
could  easily  be  utilized  along  the  canal,  which  is  of  ample  capacity  to 
carry  the  dry-weather  flow.  The  drainage  area  above  this  place  is  about 
1300  square  miles,  and  the  amount  of  water  and  power  less  than  at  Lock- 
ville. It  may  be  estimated  as  in  the  following  table.  The  pond  being 
7  miles  long,  there  is  no  doubt  that  the  low-season  flow  could  be  con- 
centrated into  12  hours,  so  that  the  power  given  in  the  table  would 
be  doubled  with  a  small  diminution  of  head.  Although  this  place  is 
not  quite  so  conveniently  located  as  Lockville,  it  is  easy  of  access  from 
that  place,  as  well  as  from  Cumnock,  on  the  Cape  Fear  and  Yadkin 
Valley  railroad,  and  the  Raleigh  and  Western  railroad  touches  the 
river  near  the  old  Endor  furnace: 

Tablr  or  Power  at  Goroas  dam. 


state  of  flow.  !  ^;^4°*/^*  I      Fall. 


Flow,  per  I  Horsepower  available, 
second.   '  gross. 

(See  pages  54  to  50).  '  Sq.  miles,  j      Feet.      Cubicfeet.l  1  foot  fall.  I  7  feet  fall. 

MlDimum I)  |  (208  23.6  1  166 

Minimum,  low  season V        1,800  I  7    -^  247!  28.1  i  200 

Low  season,  dry  years. JJ i ^f 282  I 32.1 ^ 

The  Endor  dam,  now  washed  away,  was  about  400  feet  long  and  4 

feet  high,  crossing  the  river  in  the  shape  of  a  V,  with  a  vertical  face 

and  inclined  back  half  way  across,  and  an  inclined  face  and  vertical  back 

for  the  remaining  distance.     It  was  built  of  wood,  and  ponded  the  water 

back  to  the  Gulf  dam,  a  distance  of  10  miles.     As  far  as  the  location 

goes,  it  could  be  used  for  power,  but  the  fall  is  so  small  that  it  would 

not  be  advisable.     It  is  not  necessary  to  consider  it  further. 
11 
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Gardners  shoal  is  the  first  power  worthy  of  mention  above  Moffet's 
mill,  8^  miles  below,  and  is  a  small  shoal  on  the  land  of  L.  Moffet, 
which  is  entirely  undeveloped.  There  is  said  to  he  here  an  available 
fall  of  10  feet  in  half  a  mile  or  more.  The  bed  and  the  banks  of  the 
stream  are  of  rock,  thus  rendering  the  development  of  the  power  more 
feasible. 

J  oon's  shoal,  one  and  three-fourths  miles  further  up-stream  (owned 
by  L.  T.  Moon),  was  the  ^ite  of  an  old  gun-shop.  The  fall  here  is 
about  6  feet  in  300  yards  over  rock  bottom.  The  dam  and  other  im- 
provements have  disappeared. 

Siler's  shoal,  one  and  one-half  miles  above  Moon's,  and  three-fourths 
of  a  mile  below  the  Enterprise  mills,  is  an  imimproved  shoal  owned  by 
D.  U.  Siler,  Coleridge,  N.  C.  There  is  said  to  be  an  available  fall  here 
of  about  20  feet,  in  one-fourth  of  a  mile  over  good  rock  bottom,  and 
the  shoal  is  otherwise  one  that  can  be  easily  utilized. 

The  Enterprise  mills  are  located  on  a  shoal  three-fourths  of  a  mile 
above  Siler's  shoal.  The  cotton-mill  on  the  northeast  side  of  the  river 
here  operated  by  the  Enterprise  Manufacturing  Company  contains  4000 
spindles  and  uses  about  150  horsepower.  The  dam  is  constructed  of 
cemented  stone,  3^  feet  high,  360  feet  long,  and  backs  the  water  three- 
quarters  of  a  mile.  The  race  is  250  yards  long,  and  gives  a  head  of  20 
feet  at  the  wheel,  which  is  a  Leffel  special  turbine  44  inches  in  diameter. 
There  is  also  a  small  flour-mill  operated  by  water  from  the  same  race. 
The  supply  of  water  is  ample  for  all  purposes  throughout  the  entire 
year. 

Stout  shoal. — One  and  one-half  miles  above  Enterprise  there  is  a 
shoal  owned  by  Thos.  Davis,  having  a  fall  of  about  8  feet  in  800 
yards. 

Cox's  SHOAL,  a  mile  and  one-half  above  Stout's,  is  similar  to  the  latter 
shoal,  and  is  owned  by  Seth  Cox,  of  Coleridge,  N.  C.  There  is  here  a 
natural  fall  of  about  7  feet  in  300  yards,  entirely  undeveloped. 

The  Allen  shoal  is  located  two  miles  above  the  last  and  one  mile 
below  Ramseur.  This  undeveloped  property  is  owned  by  Jackson 
Craven.  It  has  a  fall  of  about  14  feet  in  one-half  a  mile  over  a  good 
rock  bed  with  banks  suitable  for  building. 

Ramseur. — The  cotton-mill  of  the  Columbia  Manufacturing  Com- 
pany is  located  here  on  the  northeast  side  of  the  river  and  contains  9916 
spindles  and  325  looms.  The  dam  is  of  stone,  12  feet  high  and  425 
feet  long,  backing  the  water  up  to  the  Randolph  Manufacturing  Com- 
pany's mill.  The  race  is  300  yards  long  and  the  working  head  is  15 
feet.  The  power  plant  consists  of  a  Sampson  56-inch  turbine-wheel, 
developing  180  horsepower,  and  a  Corliss  engine  of  200  horsepower. 
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It  is  estimated  that  250  horsepower  is  required  to  run  the  mill,  so  that 
steam  has  to  be  used  all  the  time. 

Franklinville. — Between  2^  and  3  miles  above  Ramseur  is  the  mill 
of  the  Randolph  Manufacturing  Company,  which  contains  3500  spin- 
dles and  112  sheeting  looms,  requiring  125  horsepower.  The  dam  is 
of  stone,  8  feet  high  and  about  400  feet  long.  The  race  is  100  yards 
long  and  carries  the  water  to  two  turbine-wheels,  one  of  30  inches,  the 
other  of  33  inches  diameter.  These  are  said  to  develop  143  horsepower 
under  the  head  of  12  feet.  The  auxiliary  steam-plant  is  of  125  horse- 
power, but  this  is  used  for  only  three  months  in  the  year. 

Half  a  mile  up  the  stream  from  the  above  is  the  mill  of  the  Frank- 
UNviLLE  Manufacturing  Company,  containing  2500  spindles  and  40 
bag  looms,  and  using  about  90  horsepower  from  the  water  for  nine 
months  in  the  year.  During  the  remaining  three  months  steam  and 
waterpower  combined  are  used.  The  dam  is  of  stone,  5  feet  high  and 
400  feet  long.  The  race  is  between  450  and  500  yards  long  and  the 
fall  at  the  wheel  is  18^  feet.  The  power  is  developed  by  a  special 
40-inch  turbine-wheel,  generating  112  horsepower.  There  is  also  a 
grist-mill  and  cotton-gin  drawing  water  from  the  same  race  and  using 
about  30  horsepower. 

Cedar  Falls. — About  two  miles  above  the  last-mentioned  is  the 
cotton-mill  of  the  Cedar  Falls  Manufacturing  Company,  containing 
3936  spindles,  operated  entirely  by  waterpower.  The  horsepower 
required  is  developed  by  a  turbine  working  under  a  head  of  25  feet  and 
having  an  estimated  capacity  of  125  horsepower,  given  by  three  dams 
between  islands,  one  of  10  feet  high  and  150  feet  long,  and  two  of  7 
feet  high  and  280  feet  long  each,  through  a  race  about  one-half  mile 
in  length.     There  is  plenty  of  water  to  run  the  mill  all  the  year. 

About  one  mile  above  this  site  there  is  an  undeveloped  shoal  where 
the  available  fall  is  said  to  be  12  to  15  feet. 

Central  Falls. — Two  miles  above  the  last-mentioned  site  is  the 
Central  Falls  mill  of  the  Worth  Manufacturing  Company.  The  dam 
here  is  of  wood,  9  feet  high  and  325  feet  long,  and  backs  the  water  up 
to  the  dam  of  the  upper  mill,  a  distance  of  three  miles.  The  wheels 
are  two  in  number,  one  61-inch,  the  other  30-inch,  developing  about 
150  horsepower.  About  50  horsepo-wer  additional  is  developed  by  the 
supplementary  steam-plant,  which  is  used  here  all  the  time. 

WoRTHViLLE. — Three  miles  above  Central  Falls  is  the  site  of  the 
upper  mill  of  the  same  company.  The  dam  here  is  of  stone,  17  feet 
high  and  250  feet  long.  There  is  no  race,  the  two  special  design 
33-inch  turbine-wheels,  which  develop  about  175  horsepower,  being 
located  directly  at  the  dam,  which  backs  the  water  for  1^  miles.     There 
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is  also  a  steam-plant  capable  of  developing  about  200  horsepower,  but 
there  is  enough  water  to  run  by  waterpower  alone  except  in  the  very 
dry  seasons.  The  two  mills  at  Worthville  and  Central  Falls  together 
contain  10,000  spindles  and  328  looms. 

Naomi  Talls. — Four  miles  further  up  the  stream  from  Worthville  is 
the  mill  of  the  Naomi  Falls  Manufacturing  Company,  of  Randleman, 
N.  C.  This  mill  was  built  in  1880,  and  contains  5000  spindles  and 
298  looms  for  the  manufacture  of  cotton  cloth  and  cotton  bags.  The 
dam  here  is  of  wood  and  stone,  13  feet  high  and  300  feet  long,  back- 
ing the  water  about  one-half  mile.  There  is  no  race,  the  water  going 
at  the  dam  directly  to  the  wheels,  of  which  there  are  two,  each  48  inches 
in  diameter,  the  two  developing  about  130  horsepower.  This  is  sup- 
plemented at  all  times  by  50  horsepower  (and  more  in  dryest  seasons) 
from  the  150  horsepower  engine  which  is  maintained  for  this  purpose. 

Randleman. — One  mile  above  Naomi  Falls  and  in  the  town  of  Ran- 
dleman are  located  the  two  mills  of  the  Randleman  Manufacturing  Com- 
pany, the  two  containing  5000  spindles  and  270  looms,  both  mills  being 
run  by  water  from  the  same  race.  The  dam  here  is  of  stone,  12  feet 
high  and  275  feet  long,  and  backs  the  water  2^  miles  without  throwing 
the  river  out  of  its  banks.  The  race  is  about  500  feet  long  and  the 
working  head  is  12  feet,  developing  175  horsepower,  given  by  four 
turbines,  three  of  44  inches  diameter,  one  of  40  inches.  For  about  six 
months  of  the  year  there  is  enough  water  to  run  the  mill  to  its  full 
capacity  by  the  use  of  waterpower  alone.  During  the  dry  season  this 
is  supplemented  by  steam-power. 

There  is  said  to  be  a  shoal  called  the  Island  Ford  shoal,  located  2 
miles  above  Randleman,  and  said  to  have  a  fall  of  10  or  12  feet. 

Walker's  mill. — Four  miles  above  Randleman  is  Walker's  grist- 
mill, owned  by  S.  Bostick  &  Son,  Randleman,  N.  C.  This  mill  con- 
tains two  sets  of  com  stones,  one  of  wheat  burrs,  a  fan-mill  and  a  smutter. 
The  fall  here  is  10  feet  from  an  8-foot  stone  dam,  300  feet  long,  which 
backs  the  water  about  Ij^  miles.  The  race  is  110  yards  long  and  car- 
ries the  water  to  two  20-inch  turbines.  No  estimates  of  the  amount 
of  power  used  or  available  at  any  of  these  grist-mills  could  be  obtained, 
the  estimate  of  the  amount  of  power  used  in  running  a  set  of  stones 
varying  from  8  to  12  horsepower,  and  the  other  machinery  in  pro- 
portion. According  to  the  statements  of  the  millers,  however,  there 
seems  to  be  plenty  of  water  to  run  all  the  machinery  in  the  mills  at  the 
same  time,  if  so  desired,  during  the  very  dry  seasons. 

Colteain's  grist-mill  is  three  miles  above  Walker's  and  contains 
the  same  machinery  as  the  latter.  It  is  driven  by  four  turbines,  three 
of  18  inches  diameter,  one  of  10  inches.     The  fall  here  is  10  feet. 
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obtained  by  an  S-foot  masoniy  dam  through,  a  race  100  yards  long. 
The  dam  is  200  feet  long  and  backs  the  water  1^  miles. 

Fbeemon's  grist-mill  is  five  miles  above  the  last  one.  This  mill 
was  built  in  1876  for  a  woolen-mill,  and  was  run  as  such  for  some 
time,  but  the  woolen  machinery  has  been  sold,  and  the  building,  two 
stories  high,  built  of  stone  and  brick,  is  used  as  a  grist-mill.  Three 
sets  of  stones  are  run,  two  corn  and  one  wheat,  and  a  smutter,  each 
driven  by  a  separate  turbine,  three  of  12  horsepower  for  the  stones 
and  one  of  8  horsepower  for  the  smutter.  The  dam  is  of  masonry, 
12  feet  high  and  180  feet  long  and  there  is  no  race.  The  property  is 
in  good  condition.  The  pond  is  one  and  one-half  miles  long  and  of 
an  average  width  of  75  feet.  There  is  said  to  be  too  little  water  here 
for  running  all  the  machinery  at  the  same  time  unless  the  river  is  a 
little  full. 

The  Oakdale  Manufacturing  Company's  corroN-^aLL,  the  next 
power  site,  is  located  five  miles  above  Freemen's  mill  and  four  miles 
below  Jamestown.  The  mill,  which  contains  3320  spindles,  was  built  in 
1889,  but  there  has  been  a  mill  on  the  site  since  1866.  The  fall  here 
is  25  feet,  obtained  by  means  of  a  20-foot  wooden  dam  260  feet  long. 
Tlie  race  is  250  feet  long,  and  carries  the  water  to  a  44-inch  Leflfel 
special  turbine,  developing,  it  is  claimed,  190  horsepower  when  the 
water  supply  is  ample.  The  dam  backs  the  water  one  mile  with  an 
average  width  of  pond  of  100  feet.  There  is  a  steam-plant  of  250 
horsepower  capacity  which  is  used  to  supplement  the  water  in  dry 
seasons. 

The  powers  above  this  point  are  too  small  to  be  of  any  practical 
value;  and  the  only  one  known  to  be  now  in  use  is  that  at  Smith  and 
Ragsdale's  bone-mill,  about  one  mile  above  the  Southern  railroad  cross- 
ing near  Jamestown,  and  here  probably  not  more  than  six  horsepower  is 
developed  with  a  four-foot  fall  during  ordinary  stages  of  flow. 
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TRIBUTARIES  OF  THE  DEEP  KIVEB. 

The  tributaries  of  Deep  river  are  of  small  consequence,  and  only 
one  of  them  is  worthy  of  special  mention,  viz.  Rocky  river^  which  rises 
in  the  northwestern  part  of  Chatham  county  and  flows  southeast,  join- 
ing Deep  river  just  above  Gorgas  dam.  The  stream  is  utilized  to  a 
considerable  extent  by  small  saw-  and  grist-mills,  but,  like  other  streams 
in  the  vicinity,  it  is  subject  to  great  variations  in  flow,  owing  to  its 
course  lying  in  the  slate  region.  The  drainage  area  of  the  stream  is 
about  205  square  miles,  and  its  length,  in  a  straight  line,  about  25 
miles;  yet,  during  the  diy  season,  the  flow  is  not  sufficient  to  afford  more 
than  20  or  25  horsepower,  with  a  fall  of  20  feet.  There  are  12  mills 
on  the  river,  with  falls  of  from  8  to  25  feet,  but  some  sites  are  still 
imimproved. 

The  other  tributaries  above  Rocky  river  are  utilized  for  small  grist- 
and  saw-mills,  but  are  npt  of  much  importance.  Some  of  them  are 
nearly  dry  in  summer. 

Tablv  or  Utilizvd  Powbr  on  Capv  Fvar  kitbr  and  Tbibutariks.* 

!  .  1'  ^    ij= 

Name  of  stream.        I      ^^'whtt^ '^       i     County.  Kind  of  Mill.        1°!    5       •=  | 


Sz: 


H 


,  Feet.' 

Cape  Fear  river lAtlantio Cumberland I  1      10.0  15 

Northeast  Cape  Fear  ....  iCape  Fear Pender ,  Flour  and  nrrlst ,  1  1      7.0  10 

Do ....do '....do ;8aw 1  1        7.0'  20 

NortheastCape Fear  Duplin Flourand  grist 1  16.  ]44.0  158 

....do do Saw 3      29.0  86 

...    do do Ck>tton-ffin 2      20.0 

Southriver Cape  Fear Sampson —  Flour  and  grist 1        7.(1  g 

Do l....do Pender do 2i    16.0  18 

Black  river Southriver Sampson do 2      17.0  11 

Do I do do Cotton-gin 1  1        9.0  6 

i ....  do do do I  5  I    60.0  27 

L...  do do Flourand  grist ,  11     116.0'  96 

....do ....do Saw 1  l    10 

All  other  tributaries  to  .  Cape  Fear Bladen Flour  and  grist 2,    22. a  19 

Do do do Veneer  works 1        9.6 

Do do do Cotton-gin ■  1        8.0  8 

Do ....do Cumberland  Flour  and  grist lO  ,    96.0  160 

Do .....do ....do Saw 4       29.0  122 

Do  1....  do do Cotton-gin 1  8    

Do do do AKricult'l  implem'tsi  1,    20.0.  12 

Do do do Cotton-f  Rotory 1  ' 

Bockflsh  creek ....  do do do '  1       18.0  200 

Little  Aockflsh  creek....  Rock  fish  creek —  '....do do 1       22.0  176 

Do do do do 1'      9.0  ao 

Bearer  creek Lit.  Rockflsh  creek do do 1  1    16.0  189 

Blounts  creek  Cape  Fear '....do do 1       19.0  40 

All  other  tributaries  to  .  ..  .do do Woolen 2  ' 1 

Do  ....do i  Harnett  ....  Flour  and  grist l8     166.6  168 

Do I. ...do do Saw 2,    21.0  86 

Do ....do Wake Flourand  grist 6  1    W.O  62 

Do ....do '....do Saw 1       11.0  18 

Do do do Cotton-gin 4       78.0  43 

Do do Chatham....  Flourand  grist 2      30.0'  80 

Do ....do Moore do 11     132.0  139 

Do do do.           Ssw 6       88.6  118 


1  Compiled  mainly  from  records  of  the  Tenth  Census. 


170 


THE    CAPE   FEAR   BIVER    AND    TRIBUTARIES. 


Tablv  op  Utilized  Power  on  Cape  Fear  river  and  Tributaries.— Con^fnurd. 


Haw  liver 

Do 

Do  

Do 

Do 

Do  

Do 

Do  

Do  

Do  

Do  

Do  

Do 

Do  

Do  

Do  

Cane  creek 

Alamance  creek 

Do 

Reedy  Fork 

All  other  tributaries  to 

Do 


Do  

Do  

Do  

Do  

Do  

Do 

Do  

Do  

Do  

Do  

Do  

Do  

Do  

Do  

Do  

Do 

Do  

Deep  river 

Do  

Do  

Do 

Do  

Do  

Do  

Do 

Do 

Do 

Do  

Do  

Do  

Do 

Do 

Do 

Do  

Do  

Do  

Do 

Do 

Do 

Do 

Do  

Do  

Do 

Tributaries  of. 

Do 


Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 


Cape  Fear Chatham 


.  do 
.  do 
.do 
.  do 
.  do 
.  do 
.  do 
.  do 
.  do 
.  do 
.  do 
.do 
.  do 
.  do 
do 


do !  Saw-  and  ffrist-mil  1 . 

.  do I  Cotton-factory 

do ,  Flour  and  yrist 

,  do Cotton-ffin 

,  do Flour  and  corn 

.  do Saw-mill 

.  do Blacksmith- shop — 

,  do [Cotton-factory 

do iGrist-mill. 

.do. 
.  do. 
.  do. 
.do. 

do. 

do. 


Cotton-factory, 
do 


.  do. 
do. 
do. 
do. 


Haw  river Alamance  ......  do 

. . . .  do do  ..........  do 

do — do — do 

do do I ....  do 

.  do Chatham....  Flour  and  grist. 


do. 
.  do. 

do. 
.  do  . 
.  do. 
.  do 
.do. 


do jSaw 

.;....  do Wheelwrlghtlnar 

.  I do ICotton-srln 

.  Orange '  Flour  and  grist . 


do  . 

.  do. 

do. 


do Alamance  . 

do i ....  do 

do ....  do 

do '....do 

do I ....  do 

do iGuIlford... 

do —  do 

do —  do 

do Randolph. . 

do Rockingham 

....  do ....  do  ... , 

Cape  Fear Chatham. 


.do. 
■  do. 
.  do. 

do. 
.  do. 
.  do. 
.  do. 
.  do. 

do. 
.do. 
.  do. 
.  do. 
.  du. 
.  do. 
.  do  . 
.  do. 
.do. 
.  do  . 
.  do. 
.  do. 
.do  . 
.  do. 
.  do. 

do. 


do. 
do. 
do. 
do  . 
do. 
Moore. 


Saw 

Cotton-gin 

Millwrlghting 

Flour  and  grist 

Saw 

Cotton-gin 

Foundry 

AgrioultM  implem*t8. 

Flour  and  grist 

Saw 

Woolen 

Flour  and  grist 

....  do 

Saw 

Roller  mill 

Flour  And  corn  ....  I 

Cotton-gin ( 

Grist  and  saw I 

Cotton-gin t 

Flouring-mill  . 

Grist  and 


do Cotton-gin.. 

....  do Grist-mill... 

....  do do , 

Randolph...  Cotton-mill. 

—  do Flour-mill.. 

—  do Cotton-mill. 

....  do do 

•  •••  do   do , 

...  do Grist-mtn.... 

....  do Cotton-gin . 


do  . 
.  do. 

do. 

do. 
.  do. 

do. 
,  do. 
,  do  . 


.do Guilford. 


Cotton-mill. 

do 

do 

do 

do 

Gristmill... 

do 

do 

Cotton-mill. 


Deep  river Chatham. . . . ,  Flour  and  grist. 


.do rto 'Saw 

.do I  —  do Agrlcult'l implem'ts, 

.do do Tieather 

.  do Moore I  Flour  and  grist 

.  do do Saw 

.do Randolph . . .  Flour  and  grist 

.do ! —  do I  Woolen 

.do do 'Saw 

.do Guilford  ....>  Flour  and  grist 

do do I  Woolen 


1 
1 
1 

1  ' 
1  . 

ii 

1  i 

1 

1  I 

1  I 

1  I 

1 

1  I 
13 

8  • 

1 

3 

8 

6 

1 

1 
17 

4 

1 

1 

1 
24 

6 

1 

1 

6 

8 

1 


10.0. 

7.0. 
16.0 
16.0  . 
10.0. 
14.0  . 
14.0,. 
14.0.. 
19.0' 

9.0 
13.0 
12.01 
14.0l 
15.0 
15.0 
20.01 
23.0 
12.5' 
11.0 
11.0, 
179.0 
29.0 
12.0 


]6i.o: 

86.0| 

"u.'o 

209.0 
52.01 
11.0 
15.0 
16.0 

344.0 
79.5 
12.0 
19.0 

105.0, 
54.0 


10.0 
16.0 


19.0. 


18.5 


1S5 


160 
40 
160 
450 
136 
150 
160 
300 
SO 
50 
150 
160 
176 
60 
10 


198 
184 
20 
12 
294 

n 

6 
28 

8 
379 
93 


10 
100 
48 


10.0        40 


0  25 

5.  40 

O;  ISO 

Oi 

0!  250 

0;  125 

5.  90 


125 
200 
175 

180 
175 


0 
0 
0 
0 
0 
0 
0 
0 
0 

0  128 
0,  » 
Ol 


u 

190 
253 

09 

to 

6 

1J» 

74 

»\ 
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Table  op  Draimaok  Abbas  of  Cape  Feab  river  and  Tributaries. 

Square  miles. 

Cape  Fear  river  at  mouth 8,400 

Northeast  Cape  Fear  river  at  mouth 1 ,330 

South  river  at  mouth ],430 

Blaolc  river  at  mouth 620 

cape  Fear  river  at  Fayetteville 4,498 

Cape  Fear  river  at  Jones  falls 4,170 

Cape  Fear  river  at  Silver  run 3,660 

Cape  Fear  river  at  Smilevs  falls 3,400 

Cape  Fear  river  at  Buokhorn  falls 3.200 

Cape  Fear  river  at  forks 3.026 

Haw  river  at  mouth 1,676 

H  aw  river  at  Bynums 1,250 

Haw  river  at  North  Carolina  railroad 886 

Haw  river  at  Reedy  fork  Junction 173 

New  Hope  river  at  mouth 317 

Alamance  creek  at  mouth 237 

Reedy  fork  of  Haw  at  mouth 281 

Deep  river  at  mouth 1,350 

Deep  river  at  Ix)ckvllle 1,340 

Deep  river  at  Gorgas 1,300 

Deep  river  at  Gulf 1,047 

Deep  river  at  Carbonton 1,010 

Deep  river  at  Tyser's 814 

Deep  river  at  Frankllnvllle 408 

Deep  river  at  Naomi  Falls  267 

Rocky  river  at  mouth 206 

Rockflsh  creek  at  mouth 280 

Little  Rockflsh  creek  at  mouth 77 

Little  Rockflsh  creek  at  factory 66 

Lower  Little  river  at  mouth 448 

Lower  Little  river  at  Manchester 329 

Upper  Little  river  at  mouth 176 


CHAPTER  VIII. 
THE  YADKIN  RIVER  AND  TRIBUTARIES/ 

THE  YADKIN  BIVEB. 

The  Yadkin  river,  or  the  Great  Pee  Dee  as  it  is  called  below  its 
junction  with  the  Uharie  river,  takes  its  rise  on  the  eastern  slope  of 
the  Blue  Ridge,  in  Caldwell  and  Watauga  counties,  North  Carolina. 
It  flows  first  a  little  north  of  east  through  Caldwell  and  Wilkes  and 
between  Surry  and  Yadkin  counties,  when  it  bends  abruptly  to  the 
right,  and  flows  a  little  east  of  south,  forming  the  boundary  between 
the  counties  of  Forsyth,  Davidson,  Montgomery  and  Richmond  on  its 
left,  and  Yadkin,  Davie,  Rowan,  Stanly,  and  Anson  on  its  right,  passing 
into  South  Carolina,  and  continuing  in  the  same  general  direction 
between  Marlborough  and  Marion  counties  on  its  left,  and  Chesterfield, 
Darlington,  Williamsburg  and  Georgetown  on  its  right,  emptying 
into  Winyah  bay  just  at  the  town  of  Georgetown,  after  flowing  for  some 
distance  through  the  county  of  the  same  name.  Following  the  general 
course  of  the  stream,  the  distance  from  its  source  to  its  mouth  is 
between  275  and  300  miles,  but  following  all  its  windings  it  is  much 
greater — as  nearly  as  can  be  estimated  by  measurement  on  the  map, 
some  400  miles  or  more. 

There  are  no  towns  of  great  importance  on  that  part  of  the  stream 
•  where  there  are  any  facilities  for  waterpower.     In  North   Carolina 
there  are  no  towns  on  the  river  with  more  than  a  few  hundred  inhab- 
itants, the  principal  ones  being  Elkin,  in  the  southwest  comer  of  Surry 
county  and  Wilkesboro,  the  county-seat  of  Wilkes  county. 

The  head  of  navigation  on  the  river  is  Cheraw,  South  Carolina,  about 
149  miles  above  the  mouth.  An  examination  of  the  river  between 
Cheraw  and  the  mouth  of  the  Uharie,  a  distance  of  67  miles,  has 
been  made,  and  it  is  found  practicable  to  render  the  river  navigable  as 
high  as  this  point  by  locks  and  dams,  but  no  appropriation  has  yet  been 
made  for  the  work,  nor  is  it  probable  that  there  will  be  on  account  of 
the  great  cost  of  the  undertaking  and  the  small  good  to  be  accomplished 
thereby.  Above  the  mouth  of  the  Uharie  the  "Narrows"  form  an 
insurmountable  obstacle  to  navigation,  but  above  them,  between  the 

>By  G.  F.  Swain  and  J.  A.  Holmes. 
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Southern  railway  bridge  and  Wilkesboro,  the  river  has  been  sur- 
veyed, and  an  appropriation  of  $20,000  made  March  3,  1879,  the 
object  being  to  secure  a  navigable  depth  of  2^  to  3  feet  as  high  as  the 
foot  of  Beans  shoal,  a  distance  of  64.8  miles.  Additional  appropria- 
tions were  made  during  the  10  years  following.  Subsequently  (1887) 
it  was  decided  to  limit  the  improvements  to  the  33  miles  immediately 
above  the  Southern  railway  bridge.  In  1892  the  work  was  practi- 
cally abandoned  after  the  expenditure  of  slightly  more  than  $100,000.* 

The  Great  Pee  Dee  drains  a  total  area  of  about  17,000  square  miles, 
of  which  about  9700  lie  in  North  Carolina  and  7300  in  South  Caro- 
lina. The  principal  tributaries  to  the  river  are  the  Waccamaw  river, 
from  the  north,  draining  about  1200  square  miles;  the  Black  river, 
from  the  west,  draining  about  1500  square  miles;  the  Little  Pee  Dee 
river,  from  the  north,  with  a  drainage  area  of  some  3000  square  miles; 
Lynchs  creek,  from  the  west,  draining  about  1350  square  miles;  Black 
creek,  from  the  west,  draining  about  450  square  miles;  Little  river, 
from  the  east,  draining  400  square  miles;  Eocky  river,  from  the  west, 
draining  1400  square  miles;  Uharie  river,  from  the  east,  draining 
317  square  miles;  the  South  Yadkin,  from  the  west,  draining  820 
square  miles;  and  the  Ararat  river,  from  the  north,  draining  about  315 
square  miles,  besides  numberless  smaller  streams  and  creeks  affording 
fine  waterpower,  especially  in  the  upper  part  of  the  drainage  basin. 

The  Great  Pee  Dee  crosses  the  fall  line  a  little  above  Cheraw.  The 
fall  is  not  so  pronounced  as  in  the  case  of  the  Tar  and  the  Koanoke, 
but  consbts  of  a  series  of  rapids  extending  over  a  number  of  miles, 
with  no  very  great  fall  at  any  one  place,  or  within  any  short  distance. 
The  drainage  basin  of  the  river  below  the  fall  line  will  be  understood 
sufficiently  well  from  the  general  description  which  has  been  already 
given  of  the  eastern  division,  and  of  the  lower  parts  of  the  Cape  Fear 
and  other  rivers,  while  its  general  shape  and  dimensions  may  be  seen 
from  the  accompanying  map.  Neither  does  that  part  of  its  drainage 
basin  lying  above  the  fall  line  differ  in  any  essential  particulars  from 
that  of  the  Cape  Fear  or  the  Koanoke,  except  that  it  reaches  farther 
west  (and  into  the  mountains)  than  that  of  the  Cape  Fear.  Below  the 
great  bend,  where  the  river  turns  so  abruptly  to  the  south,  its  valley 
averages  50  miles  wide,  and  at  many  points  the  river  is  bordered  by 
wide  and  fertile  bottoms,  subject  to  overflow  at  times,  and  forming 
some  of  the  best  farming  lands  in  the  state;  while  at  others  the  hills 
close  in  upon  the  river,  leaving  no  bottoms  at  all,  and  sometimes  confin- 
ing the  river  between  steep  and  rocky  banks  on  each  side.     In  one  case 

» Annual  Report  Chief  of  Enirineers,  IT.  S.  A.,  1882,  App.  L,  p.  1182, 
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the  river  flows  through  a  ravine,  confined  in  a  very  narrow  channel  by 
bold  and  abrupt  banks  for  a  distance  of  several  miles,  forming  the 
noted  "  narrows."  Above  the  great  bend  the  valley  is  narrower  (only 
15  to  20  miles  wide),  and  the  divides  which  separate  the  basin  of  the 
Yadkin  from  those  adjacent  are  much  higher,  so  that  the  tributary 
streams  in  the  vicinity  have  a  very  large  fall.  The  level  land  along 
the  stream,  however,  is  seldom  in  this  part  of  its  course  over  a  mile 
wide,  interjected  between  the  spurs  of  the  parallel  ranges  of  mountains 
and  ridges  which  form  the  divides,  and  forming  in  places  extremely 
picturesque  little  valleys,  surrounded  on  almost  all  sides  by  mountains. 
Even  in  this  part  of  its  course  the  river  rises  above  its  banks  in  high 
water,  although  the  grounds  subject  to  overflow  are  not  very  extensive. 
Near  Yadkinville  the  river  passes  through  a  gap  in  the  mountains,  and 
above  that  point  its  valley  is  flanked  on  the  north  by  the  Blue  Ridge  and 
on  the  south  by  the  Brushy  mountains,  the  divides  having  elevations 
of  from  1500  feet  upward,  and  from  these  come  pouring  down  many 
mountain  streams  and  torrents.  The  upper  part  of  the  valley  of  the 
Yadkin  is  very  well  wooded,  and  as  the  mountains  are  not  bare,  the 
streams  are  more  constant  in  flow  than  might  be  expected.  Between 
Wilkesboro  and  Patterson  the  lowlands  along  the  river  are  from  a  few 
hundred  yards  to  more  than  a  mile  in  width,  and  exceedingly  fertile. 
This  region,  known  as  the  "  Happy  Valley,"  is  one  of  the  most  pic- 
turesque and  finest  agricultural  sections  to  be  found  in  the  state. 

The  facilities  for  the  construction  of  storage  reservoirs  are  good  on 
some  of  the  tributaries,  and  on  the  main  stream  in  the  very  upper  part 
of  its  course.     Below,  they  would,  of  course,  be  impracticable. 

The  products  of  the  Yadkin  valley  are  cotton,  tobacco,  corn,  rice, 
wheat,  oats,  rye,  clover  and  grasses,  sorghum  cane,  vegetables  and  fruits 
in  the  lower  part,  and  principally  grain,  vegetables  and  fruits  in  the 
upper  part.  Between  the  cool  slopes  of  the  Blue  Ridge  on  the  north 
and  the  low  and  hot  plains  of  the  eastern  division  on  the  south  the 
range  of  production — as  in  the  ease  of  the  Roanoke — is  very  large, 
the  mountains  being  well  adapted  to  grazing,  the  bottom  lands  of  the 
valleys  to  the  raising  of  cereals,  grasses,  vegetables,  fruits  and  tobacco, 
and  the  low  country  along  the  lower  part  of  the  stream  to  the  produc- 
tion of  cotton  and  rice. 

The  river  is  somewhat  subject  to  freshets,  but  not  more  so  than  other 
South  Atlantic  streams.  They  are  said  not  to  be  so  violent,  as  a  rule, 
as  on  the  Cape  Fear,  Xeuse,  or  Tar,  probably  because  of  the  character 
of  the  upper  part  of  the  basin ;  and,  although  there  are  no  lakes  to  regu- 
late the  fiow,  the  extensive  woods  and  the  moimtains,  well  covered  with 
soil,  serve  to  restrain  their  violence.     Xeither  are  the  freshets  so  violent 
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as  on  the  Roanoke,  the  cause  in  this  case  being,  probably,  the  fact  that 
the  rainfall  in  the  upper  valleys  of  the  Yadkin  is  perhaps,  on  the  whole, 
more  uniformly  distributed  throughout  the  year  than  on  the  Dan  and 
Staunton.  At  any  rate,  the  highest  flood  ever  known  at  Wilkesboro 
occurred  in  September,  1878,  yet  the  rise  was  only  23  feet  above  low 
water;  and  at  Langenhour  &  Ifeason's  mill  the  extreme  high-water 
mark  is  at  22.9  feet.  The  floods  are  short,  generally  subsiding  in  from 
36  to  48  hours.  It  is  said  that  twenty-five  years  ago  high  floods  very 
rarely  occurred,  and  their  frequent  occurrence  now  is  accounted  for 
by  the  clearing  of  the  hills  and  the  removal  of  obstructions  from  the 
river.'  The  low  grounds  adjacent  to  the  river  are  more  frequently 
overflowed  than  formerly,  and  more  damage  is  done  to  the  crops. 

The  river  sometimes  brings  down  a  good  deal  of  ice,  so  that  it  can- 
not be  ferried;  still  there  is  not  very  much  difficulty  on  this  account. 
The  rise  is  sudden,  the  water  sometimes  rising,  it  is  said,  2  feet  in  20 
minutes  at  Kirk's  ferry  (mouth  of  the  TJharie). 

The  annual  rainfall  in  the  valley  varies  from  44  inches  near  the 
coast  to  50  inches  between  Cheraw  and  the  "narrows,"  and  44  to  50 
above  the  latter  point.  The  table  on  page  188  gives  more  detailed 
information  regarding  the  rainfall  above  the  important  powers,  and  of 
its  distribution  through  the  year. 

The  following  table  gives  the  elevations  of  the  various  points  on  the 
stream,  together  with  the  distances,  and  declivity: 

Table  of  Declivity  of  Yadkin  rivsr. 


Place. 


^  So  .      I         c  .  a  . 


Si: 


Miles.  Feet.  Miles.  Feet.  F^^t 

per  mile. 


I 149    65    0.44 

149  I  65  ,  (' 

< 20  1 40    2.00 

\ 

i 47    168    8.96 

\ 

♦ 4    91    22.76 

\ 

». 36  1 237    6.68 

i 66  , 131    2.01 


Mouth 

Cheraw,  South  Carolina 

Crossing  of  Carolina  Central  railroad..  I  169'  106 

Foot  of  narrows  gorge 216  268 

Head  of  "narrows"* 220  854 

Crossing  of  Southern  railroad  ■• ,  256  !  591 

Foot  of  Beans  shoal* '  321  I  722 

I  '  ) 4    39    9.75 

Head  of  Beans  shoal  * 325  761     f 

t 63    167    8.16 

WJlkesboro* 878  928    ( 

i 82    322    10.06 

Patterson* 410'  1,250    f 

1  Atiuual  Report  Chief  of  Eniriueers,  1879,  p.  628. 
'  Capt.  Jno.  A.  Ramsay,  (p.  IHO). 

•  Line  of  special  levels  by  U.  8.  and  N.  C.  Geol.  Surveys. 

*  Report  of  Chief  of  Entrineers,  1879,  p.  628. 

*The  elevation  at  Patterson  was  given  in  1880,  though  the  kindness  of  MaJ.  C.  S.  Dwight, 
chief  engineer  Chester  and  Lenoir  railroad,  and  to  L.  C.  Jones,  Bsq.,  at  that  time  chief  engineer 
and  superintendent  of  the  Cape  Fear  and  Tadkin  Valley  railroad. 
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The  flow  of  the  river  has  been  measured  in  1896,  1897  and  1898  by 
the  Geological  Survey  near  Salisbury,  where  the  drainage  area  is  given 
as  3399  square  miles,  and  at  Xorwood,  where  the  drainage  area  is  given 
as  4614  square  miles. 

At  Salisbury,  the  lowest  flow  measured  was  in  August,  1896,  when 
the  quantity  discharged  was  1293  cubic  feet  per  second,  or  0.38  cubic 
feet  per  second  per  square  mile,  while  the  maximum  flow  measured  was 
11,837  cubic  feet  per  second,  or  3.5  cubic  feet  per  second  per  square 
mile.  The  flow  of  1293  cubic  feet  per  second  was,  however,  not  the 
minimum  by  any  means. 

At  Norwood,  the  smallest  flow  measured  was  1508  cubic  feet  per 
second,  or  0.33  cubic  feet  per  second  per  square  mile,  while  the  maxi- 
mum measured  was  11,710,  or  less  than  near  Salisbury. 

These  measurements  have  not  been  continued  long  enough  to  serve 
as  a  reliable  basis  for  computing  the  minimum  or  low-season  flow,  and 
we  have  been  obliged  to  resort  to  the  usual  estimates.  We  have  seen 
that  measurements  on  the  Cape  Fear  river  have  given  the  flow  as  low 
as  424  cubic  feet  per  second  where  the  drainage  area  was  about  4500 
square  miles,  or  less  than  0.1  cubic  foot  per  second  per  square  mile, 
and  it  is  probable  that  the  iTadkin  at  times  reaches  a  figure  below  the 
smallest  mentioned  above,  though  it  must  be  admitted  that  the  condi- 
tions of  both  soil  and  forest  covering  in  the  Yadkin  basin  are  more 
favorable  for  uniformity  of  flow  than  is  the  case  in  the  Cape  Fear  basin. 

One  of  the  greatest  drawbacks  to  the  utilization  of  waterpower  on 
the  Yadkin  is  the  inaccessibility  of  the  river  over  considerable  portions 
of  its  course;  but  there  has  been  much  improvement  in  this  direction 
during  the  past  few  years.  It  is  crossed  in  its  waterpower  portions  by 
only  three  railroad  lines — the  Carolina  Central,  the  Southern,  and  the 
Mocksville  division  of  the  Southern.  The  Salisbury-Norwood  branch 
of  the  Southern  passes  along  the  entire  length  within  from  4  miles 
(at  Norwood)  to  12  miles  of  the  river;  and  the  Wilkesboro  division  of 
the  same  road  follows  the  north  bank  of  the  Yadkin  from  the  eastern 
part  of  Surry  county  to  Wilkesboro.  The  Atlantic  Coast  Line  Rail- 
road Company  has  recently  surveyed  a  route  up  the  Pee  Dee  and 
Yadkin  from  Wadesboro  to  Salisbury  which  passes  through  the  gorge 
of  the  "  Narrows  "  and  near  other  promising  but  undeveloped  water- 
powers.  We  may  now  proceed  to  describe  the  river  more  in  detail, 
with  its  various  waterpowers,  in  order,  commencing  at  its  mouth. 

WATERPOWER  ON  THE  YADKIN  RIVER. 

Below  Cheraw  there  is,  of  course,  no  power,  and  the  river  has  the 
same  character  as  the  Cape  Fear  below  Fayetteville,  so  it  need  not  here 
be  described. 
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Between  Cheraw  and  the  crossing  of  the  Carolina  Central  railroad, 
a  distance  of  20  miles,  the  fall  is  at  the  rate  of  about  2  feet  per  mile/ 
and  the  width  of  the  river  350  to  500  feet  There  are  11  shoals  in 
this  distance,  but  none  of  much  importance,  and  none  in  themselves 
available  for  power,  although,  by  the  construction  of  long  canals, 
power  might  be  secured.  Such  a  plan  would  not,  however,  be  advis- 
able. At  Cheraw  the  river  is  only  350  feet  wide,  and  the  greatest  rise 
in  freshets  is  34  feet     The  bed  is  generally  rock  and  bowlders. 

Between  the  Carolina  Central  railroad  and  the  mouth  of  the  TJharie 
river  there  are  four  prominent  shoals  which  may  be  considered  avail- 
able for  wa^erpowers;  and  between  these  are  a  number  of  smaller  shoals 
which  need  not  be  mentioned  in  this  connection.*  The  total  distance 
is  about  47  miles,  and  the  total  fall  in  the  river  between  the  two  points 
about  158  feet 

Bmms  FALLS. — The  first  of  these  shoals  is  about  12  miles  above  the 
state  line,  and  4.5  miles  above  the  railroad.  This  shoal  is  about  1000 
feet  long,  and  has  an  estimated  fall  of  8  or  9  feet  in  this  distance.  The 
main  body  of  the  stream  at  this  point  is  filled  up  with  large  rocks,  and 
the  water  descends  in  a  succession  of  plunges.  There  is  a  channel  on  the 
right  side  which  is  almost  clear,  and  has  a  fairly  uniform  slope.  A 
nine-foot  dam  is  considered  practicable  here,  and  this  would  develop  a 
considerable  power.  Some  years  ago  this  shoal  was  used  by  a  grist- 
mill and  cotton-gin  on  the  Richmond  county  side;  a  primitive  wing- 
dam  giving  a  fall  of  6.5  feet  These  have  since  disappeared.  In  devel- 
oping this  power  one  may  reasonably  expect  250  horsepower  for  each 
foot  of  fall  during  ordinary  dry  seasons,  and  a  considerably  larger  horse- 
power during  8  or  9  months  of  each  year  (see  p.  188). 

Gbassy  Island  shoal,  which  begins  about  13  miles  above  the  state 
line,  and  5.3  milee  above  the  railroad,  is  the  next  above  Bluitts,  and  has 
an  estimated  fall  of  35  or  86  feet  in  a  distance  of  4J  miles.  The  river 
at  this  place  is  at  least  half  a  mile  wide,  with  an  average  depth  of  only 
about  8  inches,  and  is  full  of  small  rocky  islands,  covered  with  a  green 
weed.  There  are  seventeen  ledges  which  cross  the  river  along  the  shoal, 
and  at  each  there  is  a  fall  of  about  6  inches;  and  in  addition  to  these 
there  are  nine  fish  dams,  with  an  average  fall  of  15  inches  at  each.  In 
considering  the  possibility  of  rendering  this  portion  of  the  river  navi- 
gable, it  was  proposed  to  overcome  this  shoal  by  four  locks  and  dams 

1  Annual  Report  of  the  Chief  of  Enerineers,  1879,  p.  T25.  From  thlB  report,  on  an  examina- 
tion of  the  river  between  Cheraw  and  the  mouth  of  theUharie,  and  the  report  of  Lieut.  Taylor 
on  the  same  subject  In  the  Annual  Report,  Chief  of  Engineers,  1888,  p.  054,  most  of  the  following 
notes  on  that  portion  of  the  river  have  been  taken. 

'  Annual  Report,  Chief  of  Engineers,  1888,  Appendix  L 19. 
12 
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of  nine  feet  lift  each,  36  feet  in  all/  The  banks  of  the  river  are  said 
to  be  favorable  for  the  utilization  of  the  power.  The  shoal  has  only 
been  utilized  thus  far  by  a  small  gristrmill.  In  the  development  of  this 
power  one  may  reasonably  expect  260  horsepower  per  foot  of  fall  during 
ordinary  dry  seasons,  and  a  much  larger  power  during  8  or  9  months  of 
every  year  (see  p.  188). 

Swift  Island  shoal,  the  next  above  and  42  miles  above  the  state 
line,  has  an  estimated  fall  of  18  feet  in  2^  miles.  There  is  one  plunge 
of  about  2  feet  near  the  middle  of  the  shoal.  The  upper  end  of  this 
shoal  is  about  27  miles  above  Grassy  Island  and  about  15  below  the 
ITarrows.  There  is  a  rock  dam  4  to  5  feet  high  extending  across  the 
river  in  the  form  of  a  V  with  the  apex  up-stream,  from  which  a  race 
about  one-half  mile  long  leads  to  an  abandoned  cotton-factory  on  the 
east  side  of  the  river,  while  on  the  west  aide  there  is  a  grist-mill  run 
from  the  same  dam.  These  mills  used  only  a  small  power,  and  they 
are  reported  to  have  been  stopped  by  high  water  ten  to  twelve  days  in 
the  year.  Mills  are  said  to  have  been  in  operation  at  this  point  for 
three-quarters  of  a  century.  Undoubtedly  a  considerable  waterpower 
can  be  developed  here,  an^il  can  ;be  utilized  on  either  or  both  sides 
of  the  river.  The  site  is  aoout  8i?ufeB  east  of  the  Southern  railway 
station  at  Albemarle,  the  county-aea't  of  Stanly  county.  The  power  at 
this  shoal  may  be  expected  to  reach  155  horsepower  for  each  foot  of 
fall  during  ordinary  dry  seasoiis,  and  a  much  larger  horsepower  during 
8  or  9  months  of  each  year  (see  p.  188). 

Gunsmith  shoals,  57.5  miles  above  the  state  line  and  about  13  miles 
above  the  upper  end  of  Swift  Island  shoals,  has  a  fall  of  9^  feet  in  a 
little  less  than  a  half  mile  in  length.  In  it  there  is  one  plunge  of  2 
feet  and  another  of  one  foot  The  general  bed  of  the  stream  is  full  of 
large  rocks,  there  being  no  particular  channel,  but  there  are  narrow 
passages  between  the  rocks  where  small  boats  can  pass.  This  shoal  is 
just  below  the  mouth  of  TJharie  river,  and  is  8  or  9  miles  east  of 
Albemarle.  There  is  a  wing-dam  on  the  east  side  of  the  river,  and 
a  grist-mill  using  a  fall  of  4  or  5  feet 

The  Naeeows  of  the  Yadkin. — ^The  section  of  the  river  for  five 
miles  above  the  mouth  of  the  TJharie  is  quite  different  in  character 
from  that  both  below  and  above  this  region.  Over  the  shoals  just 
described  and  those  to  be  described  further  on  as  occurring  higher  up 
the  stream,  the  bed  of  the  river  spreads  out  to  a -width  of  from  1000 
to  1500  feet,  and  at  Grassy  Island  is  not  less  than  one-half  mile  wide. 
But  in  the  three  and  one-half  miles  under  consideration  the  river  runs 

»  Annual  Report  of  the  Chief  of  Engineers,  1879,  p.  725. 
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through  a  deep,  narrow  gorge,  and  here,  perhaps,  the  most  remark- 
able waterpower  in  the  state  occurs  at  the  "  Narrows  of  the  Yadkin." 
At  the  upper  end,  before  reaching  the  Narrows,  the  river  is  nearly 
or  quite  1000  feet  wide,  from  which  it  suddenly  contracts,  entering  a 
narrow  ravine  between  the  hills,  which  rise  abruptly  on  either  side  with 
rocky  and  almost  perpendicular  banks,  and  through  which  it  pours 
with  great  violence,  preserving  for  a  distance  of  about  a  mile  an  average 
width  of  not  over  150  feet,  while  in  some  places  the  width  is  only  60 
feet.  No  description  can  do  justice  to  this  place,  which  ifl  one  of  the 
most  wonderful  spots  that  can  be  found  in  the  south  (Plate  VI). 

In  the  Narrows  proper — the  mile  referred  to  above — -the  river 
has  cut  out  its  channel  in  the  solid  rock,  the  banks  being  almost  per- 
pendicular for  a  height  of  5  to  15  feet  above  low  water,  when  they 
retreat  nearly  horizontally,  but  so  very  broken  and  rough  that  it  is 
difficult  and  tiresome  to  make  one's  way  along,  for  a  distance  of  about 
100  to  160  yards  from  the  immediate  channel,  where  the  hills  rise 
very  steeply.  Thus  the  average  width  of  the  ravine  is  in  the  neighbor- 
hood of  260  yards,  or  rather  less,  while  the  channel  of  the  river, 
through  which  its  whole  volume  pours  in  low  water,  is  76  feet  or  less 
in  width,  while  the  water  is  said  to  be  very  deep.  The  stream  over- 
flows its  banks  in  freshets  and  fills  the  whole  ravine,  although  it  is  very 
seldom  that  it  covers  all  the  projecting  rocks.  Below  the  Narrows 
proper  the  stream  expands  to  a  width  of  160  to  300  feet,  and  flows  as 
a  rapid  current  for  the  succeeding  2^  or  3  miles,  through  a  narrow 
gorge,  the  banks  on  either  side  being  very  steep  and  rocky  all  the  way, 
except  at  one  or  two  places  where  small  lateral  valleys  diverge,  and 
where  there  is  a  place  to  put  a  single  mill. 

Some  2  miles  below  the  Narrows,  but  still  within  the  gorge,  are 
the  rapids  known  as  the  "  Little  falls,"  and  half  a  mile  below  these  are 
the  rapids  known  as  "  Big  falls."  Just  below  the  latter  comes  a  long 
and  narrow  stretch  called  the  "  Lake,"  the  river  being  still  confined 
between  rocky  and  steep  banks,  the  fall  being  very  small,  the  width 
of  the  stream  only  about  100  to  200  feet,  and  the  depth  very  great. 
The  banks  slope  down  at  a  steep  angle  straightway  into  the  river,  and 
are  -of  rock  and  forest-covered.  At  the  lower  end  of  the  "  Lake," 
which  is  between  a  quarter  and  a  half-mile  long,  the  river  widens  at  a 
place  called  Terrapin  Hole,  and  thence  down  to  the  mouth  of  the 
Uharie,  a  distance  of  about  a  mile;  it  is  interspersed  with  rocks  and 
islandfl,  with  banks  ten  to  twenty  feet  high  on  each  side,  and  behind 
them  flat  lands  for  several  hundred  yards. 

The  total  fall  in  the  river  from  the  top  of  the  falls  at  the  head  of  the 
Narrows  to  the  mouth  of  the  Uharie  river  is  91  feet,  and  the  distribu- 
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tion  of  this  fall,  as  shown  by  the  measurements  made  by  Capt.  John  A. 
Bamsay  of  Salisbury,  is  as  follows: 

Table  of  Fall  and  Distances  in  the  Narrows  Gorge. 

I  *  Approximate  p^i 

From  I  To  diBtaDoe,  [^^l 

,  miles. 


I 

Top  of  Narrows  ^ Bottom  of  main  Narrows^ 1 .0  87-0 

Bottom  of  main  Narrows .Foot  of  Hamilton's  fishery 1 .0  8.7 

Foot  of  Hamilton's  fishery I  Above  Harris' mill 1.0  4.4 

Above  Harris' mill i Top  of  Little  falls 0.6  '           9.0 

Topof  Littlefalis Bottom  of  Little  falls 0.2  7.3 

Bottomof  Littlefalis ITopof  Biflrfalls 0.3  8.4 

Topof  Bisr  falls j  Bottom  of  Big  falls 0.2  7.8 

Bottom  of  Big  falls l  Kirk's  old  ferry  (now  Lowder's) ,  i 

I  and  mouth  of  Uharie  river  1.3 [_  _      8.9        _ 

If  a  5-foot  dam  were  constructed  across  the  river  just  above  the  fall 
at  the  head  of  the  Xarrows  and  the  water  carried  along  the  left  or  east 
bank  in  a  canal  or  flume,  allowing  a  fall  of  one  foot  in  the  canal,  this 
would  give  a  fall  of  about  41  feet  at  the  lower  end  of  the  canal,  less 
than  a  mile  in  length. 

From  the  foot  of  the  Narrows  to  the  mouth  of  the  Uharie  river  there 
is  a  total  fall  of  54.5  feet,  the  distribution  of  which  is  shown  in  the 
table  given  above.  As  indicated  there,  of  the  fall  between  the  foot  of 
the  Narrows  and  the  top  of  "  Little  falls,"  9  feet  of  22.5  feet,  is  within 
half  a  mile  or  less  of  the  latter  place.  This  9  feet,  added  to  the  23.5 
feet  between  the  top  of  the  Little  falls  rapids  and  the  bottom  of  the 
Big  falls  rapids,  gives  a  total  fall  of  32  feet  in  a  distance  of  little  over 
a  mile. 

According  to  what  has  been  said,  it  will  be  seen  that  this  magnificent 
power  is,  unfortunately,  not  easily  available.  A  dam  could  be  built 
on  the  river  above  the  Narrows  and  the  water  carried  along  by  the 
flume,  the  power-house  being  located  on  the  rocks;  but  while  such  a 
use  of  the  power  would  be  perfectly  practicable  no  one  would  think 
of  locating  a  large  establishment  in  a  gorge  of  the  mountains  in  such 
an  inaccessible  place  and  on  the  rocky  banks  of  the  river,  where  it  is 
liable  to  overflow  in  time  of  high  water.  A  canal  could  not  be  cut 
along  the  Narrows  except  at  very  large  cost;  neither  could  it  be  carried 
around  the  hills,  except  with  great  difficulty.  However,  the  develop- 
ment of  this  power  is  regarded  as  being  entirely  feasible;  and  indeed 
plans  for  such  development  are  already  under  way. 

>  starting  on  the  right  or  west  bank  of  the  river  at  the  top  of  the  little  fall  or  shoal.  890  feet 
above  the  mouth  of  Palmers  creek  and  extending  down-stream  for  a  distance  of  6800  feet,  to  the 
lower  end  of  the  Narrows  proper,  where  the  surface  of  the  water  becomes  fairly  smooth  and 
where  the  right  bank  turns  southwards. 
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Below  the  Narrows  proper  there  is  no  horizontal  bank,  as  there  is 
at  the  former  place;  but  the  channel  is  wider  and  the  banks  slope 
down  to  the  water's  edge,  so  that  to  canal  or  even  to  flume  around  this 
part  of  the  fall  would  be  difficult.  There  are  a  few  places  where  lateral 
ravines  make  down  to  the  river,  at  which  the  banks  are  not  so  abrupt, 
and  where  there  is  room  for  a  single  mill  or  power-house  and,  in  fact, 
one  small  gristrmiU  was  formerly  even  situated  in  this  part  of  the  Nar- 
rows, near  Little  falls,  being  run  from  a  small  wing-dam,  and  using  a 
fall  of  6  or  7  feet;  but  there  are  no  facilities  for  the  location  of  a 
manufacturing  town,  or  even  of  a  large  mill.     There  are  no  low  grounds 

^^  between  the  head  of  the  Narrows  and  the  mouth  of  the  Uharie.  The 
rock  in  the  Narrows  is  a  solid  altered  conglomerate,  probably  volcanic, 

,  s  :     veiy  hard,  almost  impossible  to  fracture,  and  difficult  to  blast.     Some 

^><^  power  might  be  obtained  by  damming  the  river  at  the  Terrapin  Hole 
and  throwing  the  water  up  over  the  Little  falls,  or  at  Little  falls  itself 
a  mill  could  be  established;  but  a  very  small  portion  of  the  total  power 
at  this  place  is  practically  available,  except  by  transmitting  it,  by  elec- 
tricity or  some  other  means,  by  land  suited  for  the  erecting  of  large 
manufacturing  establishments. 

As  shown  by  the  accompanying  topographic  map  (Plate  Vil,  p.  182) 

^  of  this  part  of  the  Yadkin  river,  a  dam  100  feet  high  across  the  lower 

end  of  the  Narrows  gorge  (at  A-B  on  the  map)  would  back  water  but 

little  above  the  upper  end  of  the  gorge^and  would  flood  hardly  ten 

ftcres  of  cultivatable  land.     The  bed-and  banks  of  the  river  are  of  solid 

rock,  and  there  is  also  at  hand  ah  ample  supply  of  stone  suitable  for  the 

jonstruction  of  such  a  dam.     Immediately  below  this  point  the  river 

lasin  widens  out  to  such  an  extent  that  there  would  be  but  little  loss 

if  power  from  high  water.     From  this  point  the  power  could  be  trans- 

aitted  by  electricity  to  suitable  points  on  the  Salisbury  and  Norwood 

(ranch  of  the  Southern  railroad,  about  five  miles  distant,  where  manu- 

/  tcturing  establishments  could  be  located  or  the  power  could  be  transr 

litted  to  Lexington,  Salisbury,  Concord  or  Charlotte,  the  distance  to 

e  last  named  being  about  50,  and  to  the  other  three  places,  about  30 

iles  in  each  case. 
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The  theoretically  available  power  is  estimated  in  the  following  table: 

Tablib  of  Power  at  the  Narrows  of  the  Yadkin.' 


State  of  flow. 


Horsepower  available,  gross. 


«=" 


^ 


(See  pages  64  to  58.) 

Minimum 

Minimum  average  for  the  low  season 

Average  for  the  low  season  of  average  dry  years. 


• 

I 

£1 

£•« 

3*i 

»S 

"S® 

1" 

8,641 
4,085 
5,254 


3449 
4.000 
4,554 


8,964 
11.776 
12.9S 


Above  the  Narrows^  and  between  this  place  and  the  Southern  rail- 
way crossing  near  Salisbury,  there  are  6  important  shoals  and  a  number 
of  intervening  smaller  ones.'  The  general  width  of  the  river  in  this 
portion  of  its  course  is  from  600  to  1000  feet.  The  banks  have 
a  general  height  of  about  10  feet  above  average  winter  water,  and 
the  level  lands  generally  extend  back  from  200  yards  to  one-half  mile 
from  the  river  banks;  but  at  all  the  more  important  shoals  the  banks 
are  quite  precipitous,  and  there  are  reported  to  be  a  number  of  excel- 
lent mill  sites,  some  of  which  are  partially  improved. 

Bull  Island  shoal,  the  first  above  the  Narrows,  has  a  total  fall, 
estimated  by  Lieut.  Taylor  at  37  feet  in  a  length  of  nearly  2  miles, 
beginning  about  one-half  mile  below  Pennington's  ferry  and  ending 
1  to  2  miles  above  the  Narrows.  Capt.  Ramsay's  measurements,  how- 
ever, show  a  fall  of  29  feet  in  Bull  Island  shoals  proper,  with  consid- 
erable falls  both  above  and  below,  as  will  be  seen  from  the  accom- 
panying map  (Plate  Vli).  The  bed  of  the  stream  has  a  nearly  uniform 
slope  of  10  feet  to  the  mile,  and,  in  addition,  two  plunges,  one  of  about 
8  and  the  other  of  about  10  feet  near  the  lower  end.  At  the  lower  end 
of  the  shoal  the  river  spreads  out  to  a  width  of  one-half  mile  and  is  con- 
siderably divided  into  channels  by  islands.  The  drainage  area  above 
this  place  is  about  3900  square  miles,  and  the  flow,  as  well  as  the  power 
available  per  foot  fall,  may  be  estimated  the  same  as  for  the  Narrows. 

The  Pennington  shoal,  as  it  may  be  called  for  convenience,  is  the 
second  important  shoal  above  the  Narrows,  lying  between  Nast  and 

^  For  measurements  of  the  flow  of  the  Yadkin  river  see  pp.  905  and  309. 
'  The  notes  concerning  these  shoals  are  taken  in  part  from  the  report  of  Lieut.  Taylor 
Annual  Report,  Chief  of  Engineers,  1888.    App.  L 19. 
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Kirks  ferry  and  Milledgeville.  It  has  a  total  fall,  according  to  Capt 
Eamsa/s  meaaurement,  of  74  feet  in  a  distance  of  4^  miles.  Along  tiie 
entire  shoal  the  river  is  spread  out  over  a  width  of  from  1200  to  1500 
feet,  the  bottom  being  of  solid  ledges  of  rock  crossing  the  bed  of  the 
stream  at  considerable  angles.  As  shown  by  the  accompanying  river 
map  (Plate  VII),  while  the  fall  is  somewhat  concentrated  at  minor 
shoals,  yet  these  are  fairly  well  distributed  throughout  this  distance. 
The  flow  and  the  power  per  foot  fall  may  be  estimated  as  but  little 
below  that  given  on  page  188  for  the  Narrows. 

There  are  two  grist-mills  located  on  this  shoal,  on  the  right  or  south- 
west bank  of  the  river;  the  lower,  Nast  and  Kirk's  miU  at  Pennington's 
ferry,  has  a  race  about  2000  feet  long  and  the  fall  at  the  mill  is  about 
7  feet  Hall's  mill,  about  li  miles  above,  has  a  race  about  one-half 
mile  long  and  a  fall  of  about  10  feet  at  the  mill.  In  both  cases  the 
water  is  turned  into  the  race  by  a  short,  low  and  rough  wing-^am  of 
stone  loosely  piled. 

The  MnjJBDGBviLLB  SHOAL,  the  third  of  importance  above  the  Nar- 
rows, has  a  fall  of  14  feet  in  a  distance  of  about  0.7  of  a  mile,  there 
being  one  plunge  of  about  6  feet  near  the  bottom  of  the  shoal.  It  is 
situated  about  6^  miles  above  the  Narrows,  a  short  distance  below 
Stokes  ferry  and  4  or  5  miles  east  of  the  Southern  railway  at  New 
London.  This  shoal  is  utilized  to  a  small  extent  as  follows:  The  Yad- 
kin Falls  Manufacturing  Company  has  a  cotton-factory. and  grist-mill 
on  the  east  side  of  the  river  at  MilledgeviUe,  using  for  both  about  125 
horsepower.  The  wing-dam  on  this  side  of  the  river  is  of  rock,  about 
600  feet  long,  and  gives  a  10-foot  fall  at  the  factory,  which  contains 
36  cards  and  8160  spindles.  On  the  opposite  or  west  side  of  the  river 
at  this  point  are  located  a  saw-mill,  grist-mill,  cotton-gin  and  wool- 
carding  machinery,  using  in  all  about  40  horsepower,  suppKed  with 
water  from  a  small  wing-dam  extending  from  the  bank  across  a  portion 
of  the  river  to  an  island,  and  which  gives  a  fall  of  about  8  feet  at  the 
mill.  The  stoppage  from  high  water  at  this  point  is  said  to  be  from 
6  to  10  days  in  the  year.  The  available  power  per  foot  fall  is  about 
the  same  as  at  the  shoal  below  (p.  188). 

MoTTS  FALUB,  the  fourth  important  shoal,  2^  miles  above  the  Mil- 
ledgeville shoal,  has  a  fall  of  13^  feet  in  about  0.8  of  a  mile.  There 
are  in  this  distance  six  nearly  vertical  falls  of  from  6  inches  to  2  feet 
each.  There  are  several  small  islands  scattered  along  the  bed  of  the 
stream  on  this  shoal,  and  the  river  is  everywhere  full  of  large  rocks. 
There  was  formerly  a  mill  located  on  the  west  bank,  near  the  head  of 
the  shoal,  but  this  has  disappeared.  From  the  tabular  statement  of  the 
horsepower  per  foot  fall  on  page  188  the  power  at  this  place  can  be 
easilv  calculated. 
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Bald  Mountain  shoal,  about  2  miles  further  up  the  river,  and  the 
fifth  important  shoal  above  the  Narrows,  has  a  fall  of  8^  feet  in  about 
half  a  mile.  There  are  two  mills  located  on  this  shoal,  their  wing- 
dams  having  the  same  general  arrangement  as  that  described  at  the 
next  shoal  above.  Reid's  mill,  on  the  right  or  west  side,  has  a  fall  of 
a  little  more  than  6  feet,  and  Thair's  mill  on  the  opposite  side  has  about 
the  same  fall.  There  appear  to  be  no  important  tributaries  to  the 
river  between  the  Narrows  and  this  point,  so  that  the  power  available 
per  foot  fall  at  the  last  two  sites  may  be  considered  as  but  little  less 
than  at  the  Narrows  (see  p.  188). 

Flat  Swamp  Mountain  shoal,  about  4i  miles  above  Bald  mountain, 
and  less  than  one  mile  below  the  mouth  of  Abbotts  creek,  has  a  natural 
fall  of  10.2  feet  in  half  a  mile.  Like  the  last  mentioned,  it  is  partly 
utilized  by  two  grist-mills;  Stafford's,  on  the  left  or  east  bank,  which 
has  a  fall  of  between  6  and  7  feet,  and  Mauney's  mill  on  the  right  bank 
opposite,  which  has  a  fall  of  6^  feet  at  the  lower  end  of  a  race  about 
100  yards  long,  into  which  the  water  is  turned  by  a  wing-dam  several 
hundred  feet  long. 

Between  the  mouth  of  Abbotts  creek  and  the  Southern  railway 
crossing,  a  distance  of  some  10  miles,  there  are  no  shoals  of  importance, 
the  total  fall  in  this  distance  being,  according  to  Capt.  J.  A.  Ramsay's 
measurements,  28.3  feet. 

Above  the  mouth  of  the  South  Yadkin  river  there  are  several  small 
shoals,  but  none  of  any  importance  until  Swicegood's  mill  is  reached. 
This  is  a  grist-mill  having  two  run  of  stones,  and  the  fall  here  is  about 
four  feet,  utilized  by  means  of  a  wing-dam  and  an  undershot  wheel. 

The  next  power  on  the  river,  five  miles  higher  up,  is  the  grist-mill 
of  Hege  &  Crott,  using  about  four  feet  fall,  obtained  from  a  dam 
extending  across  the  river.  Of  course  only  a  very  small  part  of  the 
water  is  used. 

At  Hailley's  mill,  a  saw-  and  grist-mill,  1^  miles  further  up  the  river, 
there  is  a  shoal  about  four  hundred  feet  long  and  of  about  four  feet 
fall.  The  mill  uses  an  undershot  wheel,  the  water  being  turned  to  it 
by  a  wing-dam. 

Four  miles  above  Hartley's,  at  Ellis  ferry,  there  is  a  small  saw-  and 
grist-mill  located  on  a  shoal  about  600  feet  long,  and  having  a  fall  of 
about  six  feet.  This  mill  diverts  part  of  the  water  by  means  of  a  wing- 
dam,  and  home-made  wooden  wheels  are  used. 

At  the  crossing  of  the  Winston  &  Mocksville  railroad,  on  the  old 
site  of  Douthit's  mill,  a  fall  of  10  feet  has  recently  been  developed  by 
the  Fries  Manufacturing  and  Power  Company  of  Winston-Salem;  a 
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power-house  has  been  constructed  at  this  point,  and  the  power  is  being 
transmitted  to  Winston-Salem,  a  distance  of  13^  miles,  and  there  used 
for  lighting,  street  cars  and  various  manufacturing  purposes  (see  p.  188). 

Langenhour  &  Reason's  mill  was  situated  9^  miles  above  Ellis 
ferry.  The  shoal  here  has  a  total  natural  fall  of  4.57  feet,  and  the 
dam  was  a  substantial  structure  of  wood  and  stone  extending  entirely 
across  the  river. 

The  Shallow  Ford  shoal,  6^  miles  higher  up  the  river,  was  the  seat 
of  an  old  grist-mill,  now  burned.  There  is  here  a  natural  fall  of  about 
8  feet  in  one  mile. 

Above  Shores  island,  and  about  10  miles  above  the  Shallow  Ford 
shoal,  ten  miles  below  the  head  of  Beans  shoal,  is  another  shoal  with  a 
fall  of  about  8  feet  in  IJ  miles. 

At  Johnsons  falls,  at  Donnaha  station,  on  the  Southern  railroad, 
about  five  miles  above  the  last  mentioned,  there  is  a  fall  of  about  four 
feet  in  half  a  mile  above  and  below  the  station.  Opposite  the  station 
there  is  a  ledge  of  rock  extending  diagonally  across  the  river,  over  which 
the  water  falls  in  a  straight  plunge  for  two  feet.  The  banks  here  are 
low  and  the  bottoms  are  quite  broad  and  only  about  eight  feet  higher 
than  the  ordinary  level  of  the  river,  with  no  indication  of  any  rock  on 
the  surface. 

Bean  shoal. — The  principal  shoal  on  this  part  of  the  river  is  Bean 
shoal,  the  fall  in  four  miles  being  over  39  feet.  The  most  rapid 
descent  is  at  the  head,  being  nearly  17  feet  in  one  mile.  The  bed  of  the 
stream  is  very  ragged,  of  stratified  rock,  which  rises  in  sharp  points  and 
ridges  at  right  angles  to  the  course  of  the  stream,  forming  in  some  places 
natural  dams  extending  nearly  across,  and  the  channel  is  much  ob- 
structed and  cut  up  with  rocks  and  islands.  In  the  lower  part  of  the 
shoal  there  is  a  fall  of  about  ten  feet  in  two  miles.  The  only  part  of  the 
shoal  now  being  utilized  is  near  the  middle  portion,  where  is  situated 
Martin's  grist-mill  on  the  south  side  of  the  river.  Between  1820  and 
1835  "  The  Yadkin  Navigation  Company  did  considerable  work  at  these 
shoals  with  a  view  to  rendering  the  river  navigable.  A  dam  was  built 
at  the  head  of  the  shoals  and  a  canal  was  commenced  along  the  northern 
side  of  the  river.  The  only  trace  of  a  dam  now  to  be  seen  is  an  abut- 
ment at  the  entrance  of  the  canal.  The  canal  was  completed  for  a 
little  more  than  a  mile  from  the  head  of  the  shoals,  and  was  from  15 
to  45  feet  wide  at  the  bottom.  Where  the  cliff  forms  one  wall  the 
minimum  width  was  15  feet.  At  2000  feet  from  the  head  of  the  canal 
are  the  ruins  of  a  guard-lock  12  feet  wide.  The  canal  walls  are  of 
earth,  except  along  the  foot  of  the  cliffs.  Here  a  very  good  retaining 
wall  was  built  of  stone  quarried  on  the  spot.     The  upper  wall,  700 
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feet  in  length,  was  built  of  headers  and  stretchers  neatly  pinned  with 
small  stone,  and  is  in  good  condition.  The  outer  face  has  a  batter  of 
2J  inches  to  the  foot  rise.  The  inner  face  was  left  rough  and  covered 
with  gravel  and  earth.  No  cement  was  used  in  its  construction.  The 
dimensions  are:  Height,  6  to  20  feet;  top  width,  2.5  feet;  bottom  width, 
about  7  feet.  The  lower  wall,  about  four  hundred  feet  in  length,  is 
of  the  same  general  character,  but  in  some  places  has  been  torn  down 
to  obtain  material  for  the  construction  of  fish-dams.  The  canal  has  been 
filled  in  by  the  floods,  and  where  it  flows  through  the  woods  is  over- 
grown with  trees  and  bushes.     No  water  flows  through  it." 

Lime  Eock  shoal  is  about  7^  miles  above  the  head  of  Bean  shoals, 
and  has  a  fall  of  10.62  feet  in  2.59  miles,  over  rock  bottom. 

Twelve  miles  higher  up  the  river,  and  about  35  miles  below  Wilkes- 
boro,  is  the  Devil's  Staircase  and  Long  shoal,  where  in  1.61  miles  the 
fall  is  11.18  feet  over  a  rock  bottom. 

The  other  shoals  mentioned  call  for  no  special  remark.  The  bed  of 
the  stream  is  everywhere  rock,  overlaid  sometimes  with  gravel,  and  is 
most  favorable  to  the  construction  of  dams.  Beside  the  shoals  men- 
tioned in  the  table  there  are  many  others  with  smaller  falls,  but  which 
might  equally  well  be  used  for  power.  As  regards  the  amoimt  of 
power  available,  there  is  no  doubt  that  it  is  very  large  indeed,  and  that 
almost  every  one  of  these  shoals  might  be  utilized  to  a  greater  or  less 
extent.  Bean  shoal  would  seem  to  offer  the  most  excellent  site  in 
this  part  of  the  state,  and  it  having  been  considered  practicable  to  build 
a  canal  around  the  whole  shoal  it  would  seem  to  follow  that  the  power 
might  be  utilized  without  much  difficulty.  While  the  estimates  of 
power  given  in  the  table  are  only  to  be  regarded  as  approximations,  it 
is  believed  that  they  will  serve  to  give  some  idea  of  the  amount  of  power 
which  might  be  obtained.  But  until  larger  establishments  seek  a  loca- 
tion in  this  vicinity,  and  until  the  means  of  transportation  are  improved, 
the  waterpower  of  the  smaller  tributary  streams  will  be  preferred  to 
that  of  the  main  river,  on  account  of  the  smaller  cost,  the  (in  general)  . 
safer  location,  and  the  diminished  liability  to  stoppage  by  high  water. 
When  large  amounts  of  power  are  wanted,  however,  and  money  is  at 
hand  to  develop  it,  the  Yadkin  will,  no  doubt,  be  found  to  afford  a  large 
supply. 

Pattebson. — Above  Wilkesboro  the  fall  of  the  river  continuallv 
increases,  and  there  are  some  sites  for  power,  but  r^arding  them  we 
could  procure  no  detailed  information.  The  only  considerable  power 
used  is  that  at  Patterson,  Caldwell  county,  where  Messrs.  Gwyn, 
Harper  &  Co.  have  a  cotton-mill,  woolen-mill,  saw-  and  grist-mill  and 
cotton-gin.     The  cotton-mill  contains  56  looms  and  2288  spindles,  and 
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is  run  by  waterpower  supplemented  by  steam  in  dry  seasons.  The  dam, 
of  wood  and  stone,  is  15  feet  high  and  300  feet  long,  and  the  fall  at  the 
factory  is  26  feet,  which  it  is  claimed  develops  80  horsepower  by  means 
of  a  turbine-wheel  during  eleven  months  of  the  year,  the  mill  running 
12  hours.  The  woolen-mill  contains  4  sets  of  cards,  20  looms  and  480 
spindles,  which  are  operated  by  the  same  waterpower  supplemented  by 
steam  in  dry  seasons.     The  race  is  of  wood,  200  yards  long. 

Above  this  the  stream  is  rapid — a  mountain  stream,  with  little  or  no 
power  utilized. 

It  may  be  remarked  that  there  are  only  three  or  four  dams  extending 
entirely  across  the  river,  all  above  the  Narrows. 

The  estimates  of  power  given  in  the  following  table  are  liable  to  large 
error^  and  it  is  impossible  to  check  them.  All  of  the  powers  used  seem 
large  in  comparison  with  the  drainage  areas  above  them,  as  in  the  case 
of  the  one  at  Patterson,  and  it  may  be  that  the  streams  in  the  upper 
part  of  the  basin  are  fed  by  large  springs,  which  render  the  flow  com- 
paratively constant.  The  estimates  have  been  therefore  made  lai^ger 
than  in  ordinary  cases,  and  they  may  be  found  too  large.  It  is  to  be 
remarked,  however,  that  powers  are  often  overstated,  and  that  turbine- 
wheels  are  rated  very  high  as  regards  efficiency.  A  power  of  60  horse- 
power at  Patterson,  with  a  fall  of  25  feet,  would  correspond  to  a  flow  at 
all  times  of  0.6  cubic  foot  per  second  per  square  mile,  see  pp.  55,  56 
and  57. 
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Summary  or  Power  of  the  Yadkin  riybr.* 


Looality. 


Miles 

Blulttsfalls 12.0 

Grassy  Island  shoal 13.0 

Swtrt  Island  shoal 42.0 

Gunsmith  shoal 67.6 

Narrows eO.O 

Bull  Island  shoal 

Pennin^rtons  shoal 67 

Mllledgeville  shoal 70 

Mottsfalls 723 

Bald  Mountain  shoal  .  .  73.8 
Flat  Swamp  M't.  shoal  .  78.8 
Pries  Mffif.  &  Power  Ck)..  131.6 
Lanfirenhour  &  Neason^s 

dam 138.6 

Shallow  Ford  shoal 145.0 

Shoal   above   Shore's 

island 165.2 

Bean  shoal  fhead) 164.7 

Lime  Rock  shoal 109.8 

Shoal  below  Rookford..  174.8 

Seven  Island  shoal 177.0 

Long  shoal 182.0 

Woodruff  Fish- trap 

shoal 186.0 

Mitchell  Island  shoal  . .    186.6 

Swan  Creek  shoal 1196.7 

Reeve  Island  shoal  ....  206.6 

Blair  Island  shoal 216.5 


Rainfall. 


I  Total  fall. 


Sq.m. 
6,660 
6,624 
4,323 
4.300 
3,M88 
3,800 
3.900 
3,600 
3,400 
3,300, 
3.000 
1,866 

1,827 
1,812 

1,688 
1,621 
1.166 
1,097 
1,066 
949 


789 
640 


12  I  18 
12  '  13 


420  I  13 


© 

EC 


a 


In.  In. 


Feet. I  Feet. 
9.00;    1000 


14     60 
14     61 


10  I  14 


36.001 
18.001 

9.60 
9].00l 
29.00; 
74.00 
14.001 
13.50 

8.60! 
10.201 
10.00 

4.671. 
7.89' 


4.6» 
2.60> 
2,500 
5» 
2» 
4.601 
0.73 
0.8S 
0.6» 
0.6» 
1,600 


Horsepower      | 
available,  ffross.- 


el 

©  9 
>  « 

at 


^    .i 

©  t\ 

©     li 


Remarks. 


1,600  l,900i 
6,9701  7,600' 
1,9421  2,4761 
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The  lower  tributaries  of  the  Great  Pee  Dee,  viz.  the  Waccamaw,  the 
Black  and  the  Little  Pee  Dee  rivers,  scarcely  call  for  a  detailed  description. 
Lying  entirely  below  the  fall  line,  their  general  character  will  be  suf- 
ficiently clear  from  what  has  been  already  said  regarding  similar  streams, 
and  regarding  the  eastern  division,  as  a  whole,  in  the  introduction.  The 
Waccamaw  rises  in  Waccamaw  lake,  Columbus  county,  North  Caro- 
lina, not  over  25  miles  from  the  Atlantic,  and  flows  for  a  distance  of 
244  (?)  miles  nearly  parallel  to  the  coast,  joining  the  Great  Pee  Dee 
at  its  mouth.  It  is  navigable  for  light-draught  steamers  for  163  miles, 
and  for  boats  drawing  3  feet  of  water  up  to  the  lake.  Its  waterpower 
and  that  of  its  tributaries,  does  not  amount  to  much.  The  Black  river, 
which  has  its  sources  in  Kershaw  and  Sumter  counties,  South  Carolina, 


^  For  measurements  of  flow  on  the  Yadkin  river,  see  pp.  305  and  309. 
2  For  explanation  of  terms,  see  pages  64  to  69. 
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is  similar  in  character,  and  has  no  waterpower  except  a  little  in  the 
upper  part  among  the  sand  hills.  The  Little  Pee  Dee,  which  unites 
with  the  Great  Pee  Dee  23^  miles  above  its  mouth,  is  more  important 
Kising  in  Richmond  county,  North  Carolina,  it  flows  in  a  general 
southerly  course,  as  will  be  seen  from  the  map,  its  length  along  its  gen- 
eral course  being  about  76  miles,  but  much  greater  by  the  river,  which 
is  quite  crooked,  like  all  the  streams  in  the  low  region  near  the  coast. 
The  total  drainage  area  of  the  river  is  about  3000  square  miles,  and  it 
receives  one  tributary  larger  than  itself,  the  Lumber  river,  from  the 
east  and  north,  which  drains  nearly  1800  square  miles.  The  sources  of 
the  Little  Pee  Dee  are  just  about  on,  or  a  little  below,  the  fall  line, 
in  the  sand  hills;  and  they  therefore  afford  some  power,  their  general 
character  being  the  same  as  that  of  the  sand-hill  tributaries  of  the  Cape 
Fear,  which  haB  been  described,  on  page  139.  Their  declivities  being 
uniform,  no  sites  could  be  specified. 

QUM  SWAMP  CREEK. 

Gum  Swamp  creek  will  serve  as  an  illustration  of  the  character  of 
these  small  sand-hill  streams.  It  rises  among  the  sand  hills  of  Rich- 
mond county,  about  eight  or  ten  miles  above  the  Carolina  Central  rail- 
road at  Laurel  Hill,  and  within  a  dozen  miles  of  its  source  it  furnishes 
the  power  to  operate  three  small  cotton-mills,  as  follows: 

The  RioHMOio)  cotton-mill,  located  on  this  stream  2  miles  north  of 
the  railroad  and  about  the  same  distance  north  of  Laurel  Hill,  contains 
2556  spindles,  operated  by  about  90  horsepower,  which  is  maintained 
all  the  year  except  that  the  water  "  gets  a  little  low  "  in  very  long  dry 
seasons.  The  dam  is  12  feet  high,  600  feet  long;  the  size  of  the  pond 
is  1^  miles  long  and  one-third  mile  wide;  the  fall  at  the  wheel  is  10 
feet;  and  here,  as  is  true  of  both  mills  below,  they  run  only  during  the 
day,  and  in  dry  seasons,  when  the  water  is  drawn  down  slightly  in  the 
pond  during  the  day,  it  fills  up  at  night. 

The  Ida  yaen-mill,  2^  miles  below  the  Richmond  mill  and  one- 
eighth  mile  south  of  the  railroad,  contains  3024  spindles  operated  by 
about  110  horsepower  during  all  the  year.  The  dam  is  10  feet  high, 
900  feet  long,  producing  a  pond  about  one  mile  long  and  300  to  400 
yards  wide,  the  race  being  300  yards  long  and  the  fall  at  the  mill  8  feet. 

The  Speingfield  ootton-mill,  one  and  one-fourth  miles  below  the 
Ida  yam-miU,  contains  2304  spindles,  and  uses  about  85  horsepower. 
The  fall  at  the  wheel  is  7i  feet;  the  dam  10  feet  high  and  525  feet 
long.  The  pond  is  three-fourths  of  a  mile  long  and  200  to  300  yards 
wide;  the  race  200  yards  long. 
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The  Lumber  river  has  its  sources  higher  up  than  those  of  the  Little 
Pee  Dee,  in  Montgomery  and  Moore  counties,  North  Carolina,  but 
reaching  little,  if  at  all,  above  the  fall  line.  Its  character  resembles  that 
of  the  Little  Pee  Dee,  and  on  its  upper  part  it  probably  belongs  to  the 
class  of  sand-hill  streams.  There  are  no  nulls,  except  saw-  and  grist- 
mills, on  the  main  stream,  or  on  any  of  its  tributaries. 

HITCHCOCK8  CREEK. 

The  next  tributary  worth  mentioning  in  North  Carolina  is  Hitch- 
cocks  creek,  although  there  are  several  streams  below  it  which  are  also 
favorable  for  power.  Hitchcocks  creek  flows  entirely  in  Kichmond 
county,  and  has  a  length,  in  a  straight  line,  of  only  about  16  or  20 
miles,  draining  an  area  of  some  102  square  miles.  It  receives  one  trib- 
utary from  the  south — ^Falling  creek — ^worth  mentioning  on  account  of 
its  utilized  power,  although  it  is  a  small  stream,  with  a  drainage  area 
of  only  about  12  square  miles.  At  the  junction  of  these  two  streams 
is  the  town  of  Eockingham,  the  county-seat  of  Kichmond  county,  with 
a  popidation  of  about  1600.  These  streams  are  true  sand-hill  streams, 
so  that  for  their  general  character  we  may  refer  to  page  138.  Falling 
creek,  however,  differs  from  the  ordinary  sand-hill  streams  by  having  a 
large  natural  fall  near  its  mouth,  which  may  be  its  crossing  with  the 
same  ledge  of  rocks  which  forms  the  fall  line.  Both  streams  have  been 
used  to  a  considerable  extent  to  drive  saw-  and  gristrmills,  as  will  be 
seen  from  the  table  of  utilized  power.  They  are  principally  remark- 
able, however,  as  running  six  cotton-mills,  and  they  thus  offer 
a  good  example  of  the  large  amount  of  power  which  may  be  obtained 
from  these  unpretending  little  sand-hill  streams,  as  will  be  seen  from 
the  following  statement: 

Steele's  ootton-mill,  containing  10,304  spindles  and  300  looms,  is 
the  lowest  important  power  on  Hitchcocks  creek,  being  2^  miles  above 
its  mouth.  The  dam  here  is  built  of  granite  laid  in  cement,  16  feet 
high  and  69  feet  long,  developing,  it  is  claimed,  without  a  race,  350 
hongepower  (Plate  VIII). 

The  MmwAY  ootton-mill,  about  four  miles  above  the  mouth  of  the 
creek,  on  the  old  Aycock  mill  site,  contains  16  cards  and  6200  spindles, 
operated  by  waterpower.  The  dam  is  of  wood,  13  feet  high  and  160 
feet  long.  The  present  wheels,  it  is  claimed,  develop  about  200  horse- 
power all  the  year. 

The  Pee  Dee  Manufactueing  Company's  cotton-mill,  located  two 
miles  above  the  Midway  mill,  contains  23  cards,  300  looms  and  6112 
spindles.  The  dam  is  of  stone  and  dirt,  22  feet  high  and  107  feet  long, 
giving  22  feet  fall,  which,  it  is  claimed,  develops  300  horsepower  all 
the  year  round,  except  during  short  and  unusually  dry  seasons  of  dry 
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years.     The  pond  extends  over  two  miles  up  the  stream.     This  com- 
pany has  a  second  mill  now  in  course  of  construction. 

The  EoBERDEL  coTTON-MiLL,  two  and  one-third  miles  above  the  Pee 
Dee  mill  and  three  miles  northeast  of  Rockingham,  contains  24  cards, 
300  looms  and  6000  spindles,  all  operated  by  waterpower.  The  dam 
is  of  stone,  24  feet  high  and  170  feet  long,  giving  a  fall  of  22^  feet  at 
the  mill,  which  is  said  to  generate  300  horsepower  all  the  year  (Plate 

vm). 

The  Ledbettbr  Manufacturing  Company's  cotton-mill  is  located 
two  miles  above  the  Roberdel  mill,  and  operates  2080  spindles  and  two 
sets  of  cards  by  water  from  this  creek.  The  dam  is  of  brick,  13  feet 
high  and  140  feet  long,  giving  a  fall  at  the  mill  of  10  feet.  The  pond 
covers  about  150  acres.  About  100  horsepower  is  reported  to  be  devel- 
oped, of  which  about  76  horsepower  is  used  all  the  year  round,  except 
during  a  few  days  when  high  water  interferes.  At  the  opposite  end  of 
the  dam  the  company  has  a  com-  and  flour-mill. 

On  Falling  creek,  near  its  junction  with  Hitchcocks  creek,  is  located 
the  cotton-mill  of  the  Great  Falls  Manufaoturino  Company,  three- 
quarters  of  a  mile  above  the  Midway  cotton-mill.  This  factory  con- 
tains 130  looms  and  4512  spindles,  all  operated  by  waterpower.  This 
waterpower  is  one  of  considerable  interest  because  of  the  comparatively 
large  amount  of  power  continuously  developed  on  this  small  sand-hill 
stream  with  a  drainage  area  of  not  more  than  12  square  miles.  Where 
the  dam  is  now  located  there  was  originally  a  natural  fall  of  25  feet 
over  the  bed  rock  which  here  underlies  the  sand-hill  formations,  and  on 
this  rock  has  been  built  a  dam  18  feet  high  and  95  feet  long  (75  feet 
of  this  being  brick  and  20  feet  wood),  thus  giving  a  fall  of  43  feet. 
The  pond  has  an  area  of  10  to  15  acres,  and  from  this  the  water  is 
carried  to  the  wheels  through  an  iron  flume  75  feet  long.  The  power 
generated  in  ordinary  years  is  150  horsepower  for  the  entire  year,  the 
mill  running  only  during  the  day,  and  in  drier  seasons  the  pond  fills 
up  at  night  and  supplies  a  full  head  in  the  morning.  In  exceptionally 
dry  years  there  are  a  few  weeks  during  which  the  mill  cannot  run  full 
head  during  more  than  three  days  of  the  week,  but  it  is  reported  that 
nothing  of  this  kind  has  occurred  for  several  years.  The  storage  of 
water  has  been  carried  to  a  greater  degree  of  efficiency  on  this  stream 
than  on  any  other  of  the  sand-hill  streams  in  the  state.  Above  the  pond 
at  the  mill  three  earth  dams  have  been  built  across  the  course  of  Fall- 
ing creek  and  its  tributary  branch,  thus  producing  three  reservoirs,  one 
of  10  to  15  acres,  and  two  others  of  20  to  30  acres  each;  each  of  these 
being  5  to  6  feet  deep.  These  store  up  a  quantity  of  water  which  is 
turned  out  as  needed  by  the  factory  in  dry  seasons. 
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It  ifl  interesting  to  calculate  the  amount  of  water  which  may  be 
depended  upon  from  these  sand-hill  streams,  as  was  done  in  the  case 
of  the  tributaries  of  the  Cape  Fear,  but  the  inaccuracy  of  the  available 
maps  renders  the  result  liable  to  error  to  an  uncertain  extent.  The 
drainage  area  of  Hitchcocks  creek  above  the  Pee  Dee  factory  is,  accord- 
ing to  the  map,  about  86  square  miles.  If  we  asstime  that  in  the  low 
season  of  dry  years  100  horsepower  (gross)  may  be  obtained  with  a  fall 
of  22  feet  during  12  hours,  or  50  with  the  natural  flow  of  the  stream, 
then  the  flow  will  be  about  0.28  cubic  foot  per  second  per  square  mile. 
If  we  assume  that  250  horsepower  (gross)  can  be  obtained  at  ordinarv 
stages  of  the  stream  by  drawing  down  the  water  at  night,  then  the  flow 
will  be  about  0.6  cubic  foot  per  second  per  square  mile.  For  Falling 
creek,  if  we  take  the  capacity  at  low  seasons  at  70  horsepower  (gross) 
during  12  hours,  we  find  the  corresponding  flow  to  be  over  half  a  cubic 
foot  per  second  per  square  mile,  or  more  than  in  the  case  of  Hitchcocb 
creek;  and  if  the  capacity  in  ordinary  seasons  be  taken  at  150  horse- 
power (gross)  during  12  hours,  we  obtain  a  flow  of  over  1  cubic  foot 
per  second  per  square  mile.  It  would  therefore  seem  that  these  sand- 
hill streams  discharge  from  one-third  to  1  cubic  foot  per  second  per 
square  mile  of  drainage  area,  except  during  freshets.  Compare  this 
statement  with  the  remarks  on  pages  138-40;  145  and  197. 

In  addition  to  the  cotton-mills  on  these  two  small  streams  there  are  on 
Hitchcocks  creek  the  following:  (1)  S.  Gibson's  saw-  and  grist-mill; 
and  (2)  Joe  Gibson's  saw-,  grist-  and  flour-mill  above  Ledbetter's  cotton- 
factory,  each  having  a  fall  of  about  6  feet  and  using  26  to  30  horse- 
power; (3)  Ledbetter^s  corn-  and  flour-mill  opposite  the  cotton-factory, 
and  using  a  small  power  from  the  same  pond  with  a  fall  of  10  feet; 
(4)  a  cotton-gin  and  dynamo-house  opposite  the  Roberdel  cotton-mill, 
using  25  horsepower;  (6)  a  cotton-gin  and  grist-mill  opposite  the  Mid- 
way cotton-mill.  And  near  the  mouth  of  Hitchcocks  creek  is  the  old 
Wall  mill,  not  now  used.  On  Falling  creek  there  is  now  being  oper- 
ated but  one  small  grist-mill  in  addition  to  the  Great  Falls  cotton-fac- 
tory, though  there  are  two  other  abandoned  sites.  The  fall  of  Hitch- 
cocks creek  from  the  foot  of  the  Great  Falls  dam,  on  Falling  creek,  to 
the  Pee  Dee,  a  distance  of  5 J  miles,  is  41  feet,  or  about  8  feet  to  the 
mile.  The  pond  of  the  Great  Falls  factory  is  about  187  feet  above 
tide,  and  the  mouth  of  the  creek  103  feet  The  fall  is  said  to  be  equally 
great  for  several  miles  above  Rockingham. 

The  tributaries  to  the  Pee  Dee  from  Anson  county  are  not  of  much 
value  for  waterpower,  as  they  appear  to  lie  above  the  sand-hill  belt,  and 
are  said  to  be  very  variable  in  flow.  They  are  used  only  for  small  grist- 
and  saw-mills,  which  often  have  to  stop  in  dry  weather. 
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LITTLE  RIVER. 

little  river,  which  rises  in  the  southern  part  of  Randolph  county  and 
flows  south  through  Montgomery  and  into  Richmond,  joining  the  Pee 
Dee  above  Grassy  Island  shoal,  is  the  next  tributary  worthy  of  men- 
tion, although  its  waterpower  is  not  of  much  importance.  The  length 
of  the  stream  is  about  40  miles  in  a  straight  line,  and  it  drains  an  area 
of  about  400  square  miles.  None  of  its  tributaries  are  of  any  conse- 
quence. It  passes  within  a  mile  or  so  of  Troy,  the  county-seat  of  Mont- 
gomery county,  but  there  are  no  large  towns  directly  on  its  course.  Its 
fall  is  not  large,  and  its  flow  is  said  to  be  very  variable — ^very  much 
more  so  than  that  of  the  sand-hill  streams  just  discussed — and  it  is  much 
more  subject  to  freshets.  There  are  only  a  few  small  saw-  and  grist- 
mills on  the  stream,  and  although  it  was  said  that  there  are  some  sites 
for  power,  especially  on  its  upper  parts,  none  of  them  are  of  value.  The 
mills  in  use  have  2  or  3  pair  of  stones  and  falls  of  from  6  to  10  feet, 
generally  with  a  dam  of  about  the  same  height.  The  flow  of  the  stream 
is  estimated  at  not  over  50  cubic  feet  per  second  at  a  minimum,  and  90 
or  100  during  the  low  season  of  ordinary  years.  The  rainfall  is  about 
46  inches,  12  in  each  season,  except  autumn. 

ROCKY  RIVER. 

The  next  important  tributary  is  Rocky  river,  which  rises  in  the  southern 
part  of  Iredell  county,  flows  in  a  general  southeasterly  direction,  mak- 
ing, however,  several  abrupt  bends,  and  passing  through  Mecklenburg 
and  Cabarrus  counties,  and  then  between  Stanly  on  the  north  and 
Union  and  Anson  on  the  south,  its  total  length  along  its  general  course 
being  about  75  miles,  and  its  drainage  area  1405  square  miles.  The 
stream  receives  a  number  of  considerable  tributaries,  viz.  from  the  south 
and  west,  Lanes  creek  (140  square  miles),  Richardsons  creek  (199 
square  miles),  and  other  smaller  ones;  and  from  the  north,  Long  creek 
(158  square  miles),  Irish  Buffalo  creek.  Coddle  creek  and  others.  There 
are  no  towns  of  importance  on  the  stream.  As  the  drainage  basin  lies 
entirely  above  the  fall  line,  the  stream  offers  some  power.  The  bed  is 
rock,  and  in  freshets  the  stream  often  rises  over  its  banks.  The  power 
utilized  is  for  small  saw-  and  grist-mills  and  a  cotton-factory.  The  grist- 
mills have  generally  2  run  of  stones,  which  they  can  rur*  almost  all  the 
time,  although  the  flow  of  the  stream  is  said  to  be  quite  variable.  The 
cotton-factory,  which  is  located  not  far  from  Concord,  uses  probably  not 
over  25  horsepower  with  a  fall  of  13  feet,  and  can  run  all  the  time. 
No  particular  sites  on  the  river  were  visited,  none  having  been  brought 
to  our  i^otice.  The  information  which  has  been  collected  is  very  meager, 
but  it  seems  probable  that  there  is  not  very  much  power  on  the  stream. 
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The  flaw  at  its  mouth  is  estimated  at  between  400  and  500  cubic  feet 
per  second  during  the  low  season  of  ordinary  years.  The  rainfall  ia 
about  50  inches. 

UHARIE  RIVER. 

The  Uharie  river,  which  enters  the  Yadkin  in  ^Montgomery  county 
just  below  the  Xarrows,  rises  in  the  northwestern  part  of  Randolph 
county,  and  pursues  a  course  nearly  due  south  through  that  county  and 
Montgomery,  its  length  in  a  straight  line  being  about  37  miles,  and  its 
drainage  area  317  square  miles.  It  passes  by  no  important  towns,  and 
has  no  large  tributaries.  Its  waterpower  is  not  considered  valuable, 
and  is  only  used  for  country  saw-  and  grist-mills,  having  generally  2  run 
of  stones.  The  bed  is  rock,  and  the  banks  generally  tolerably  high  on 
the  lower  part,  though  the  low  grounds  are  more  extensive  on  the  upper 
parts.  There  are  no  falls  on  the  stream,  and  all  the  power  has  to  be 
obtained  by  damming.  The  stream  is,  on  the  whole,  rather  sluggish, 
having  a  small  fall,  and  crossing  the  ledges  of  rock  at  small  angles,  as 
has  been  noticed  when  speaking  of  the  Narrows  of  the  Yadkin.  Its 
flow  is  exceedingly  variable — ^in  fact,  the  stream  is  said  to  become  nearly 
dry  in  summer — due,  perhaps,  to  the  fact  that  it  comes  out  of  the  slaty 
region,  which  has  been  referred  to  when  speaking  of  the  Deep  river. 
On  this  account  its  waterpower  is  of  small  value,  and  the  mills  have 
often  to  stop  in  summer.  The  lowest  mill  is  about  6  miles  from  the 
Yadkin,  below  which  the  fall  is  very  small.  A  short  distance  above  it 
is  an  old  site,  now  not  used,  but  probably  not  of  much  value.  The 
freshets  are  heavy  and  sudden,  as  is  to  be  expected  in  the  case  of  a  stream 
from  the  slate  region. 

Above  the  Uharie  there  are  several  small  streams  in  Rowan  and 
Davidson  counties,  but  they  are  hardly  worthy  of  special  mention,  being 
utilized  only  by  saw-  and  gristrmills,  and  are,  as  a  rule  sluggish,  with  no 
fall  or  available  power  of  much  importance. 

SOUTH  YADKIN  RIVER. 

The  next  important  affluent  is  the  South  Yadkin  river,  which  rises  on 
the  southern  slope  of  the  Brushy  mountains,  in  Alexander  county,  and 
flows  a  little  south  of  east  through  Iredell,  and  between  Davie  and 
Rowan  counties,  joining  the  Yadkin  a  little  above  the  railroad  bridge, 
its  total  length  in  a  straight  line  being  about  42  miles,  and  its  drainage 
area  820  square  miles.  Two  of  its  tributaries  from  the  north  are 
worth  naming,  viz.  Hunting  and  Rocky  creeks,  which  drain  respectively 
146  and  94  square  miles.     The  bed  of  the  stream  is  rock,  overlaid  in 
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places  by  detritus;  the  banks  moderately  High,  although  overflowed  in 
places  in  times  of  freshet;  the  fall  considerable,  and  the  flow  more  con- 
stant than  in  the  case  of  any  of  the  tributaries  thus  far  mentioned 
above  the  sand-hill  belt  The  power  of  the  stream  and  of  its  tribu- 
taries is  utilized  to  a  considerable  extent  by  saw-  and  grist-mills  and  a 
few  cotton-factories,  as  will  be  seen  by  the  table  of  utilized  power. 

The  first  mill  on  the  stream  is  4  miles  from  its  mouth,  at  South  river 
(Foard  &  Lindsay's),  and  has  a  fall  of  6  feet,  with  a  dam  of  the  same 
height  and  about  240  feet  long.  About  80  horsepower  is  utilized,  but 
the  available  power  is  much  greater.  The  drainage  area  above  being 
about  800  square  miles,  the  capacity  may  be  estimated  at  perhaps  15 
horsepower  per  foot  fall  during  very  dry  seasons,  and  at  25  to  30 
during  the  low  seasons  of  ordinary  years.  This  mill  is  sometimes 
troubled  with  backwater.  The  dam  backs  the  water  about  3  miles, 
nearly  up  to  the  foot  of  the  next  power  above,  Hairstons  or  Perkins 
shoal. 

Haiestons  shoal  is  the  most  important  one  on  the  stream,  and  is 
some  12  miles  from  Salisbury,  and  above  the  mouth  of  Third  creek. 
The  stream  has,  with  a  dam  3^  feet  high,  a  fall  of  15  or  16  feet  in  a 
quarter  of  a  mile,  but  the  principal  part  is  at  the  upper  end,  being  13 
or  14  feet  in  200  yards.  There  was  at  one  time  a  race  cut  on  the  north 
bank  to  the  foot  of  the  shoal,  a  quarter  of  a  mile  long,  and  along  it  were 
a  foundry,  a  woolen-mill,  and  a  grist-mill.  When  examined  (1897) 
there  was  a  race  200  yards  long,  at  the  end  of  which  is  a  gristrmill, 
with  a  fall  of  13  feet;  and  there  was  also  a  saw-mill  50  yards  from  the 
dam  with  a  fall  of  12  feet.  The  power  used  is  probably  not  over  40 
horsepower.  The  dam,  which  extends  entirely  across  the  stream,  is 
250  feet  long,  3^  feet  high,  built  of  wood  some  years  ago  at  a  cost  of 
$1250,  and  backing  the  water  for  a  mile  or  so,  it  is  said.  The  location 
is  an  excellent  one — safe,  and  with  good  facilities  for  canals  and  build- 
ings. 

This  power  has  recently  been  purchased  by  the  Cooloomee  Water- 
power  Company  and  it  is  proposed  to  develop  it  at  an  early  date.  We 
understand  that  the  development  plans  include  a  dam  18  feet  high, 
which,  it  is  said,  will  back  the  water  about  5  miles,  and  it  is  expected 
that  1000  horsepower  will  be  secured.  This  power  will  be  transmitted 
electrically  to  suitable  localities  and  sold  to  consumers. 

The  Cooloomee  Manufacturing  Company  propose,  it  is  said,  to  erect 
a  large  cotton-mill  near  this  place  in  the  near  future,  to  be  supplied 
with  power  by  the  waterpower  company. 

By  means  of  proper  storage  dams,  permitting  the  total  water-supply 
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to  be  concentrated  into  10  or  12  hours,  the  power  due  to  the  natural  flow 
of  the  stream  may  be  increased  by  100  per  cent  or  more. 

Above  this  shoal  there  are  no  mills  for  a  long  distance,  and  there  are 
no  important  powers.  Sharpe's  saw-  and  gristrmill,  about  35  miles  above 
the  mouth  of  the  river  is  reported  to  have  a  dam  100  feet  long  and  8 
feet  high,  giving  a  fall  of  14  feet,  and  to  use  about  35  horsepower  in 
its  operations.  On  the  upper  part  of  the  stream  there  are  small  mills, 
but  none  worth  mentioning  in  this  connection. 

The  tributaries  to  the  South  Yadkin  afford  a  number  of  very  good 
small  powers.  Second,  Third,  Fourth  and  Fifth  creeks,  from  the 
south,  are  all  utilized  to  a  greater  or  less  extent  by  small  mills,  but  are 
not  very  favorable;  and  Hunting,  Eocky,  Bear  and  Snow  creeks,  espec- 
ially the  two  first  named,  from  the  north,  are  used  to  a  considerable 
extent  for  small  powers. 

Hunting  creek  has  a  cotton-factory  (recently  burned)  at  Eagle  mills 
with  a  fall  of  18  feet  and  60  horsepower,  it  is  said,  the  dam  being  3^ 
feet  high,  and  the  race  400  feet  long.  This  stream  is  said  to  offer  a 
number  of  sites  not  used,  Mr.  Thoe.  Holcomb's  undeveloped  shoal  being 
reported  as  equal  to  that  at  Eagle  mills.  Miss  Alice  Campbell's  grist- 
mill is  reported  as  having  a  dam  110  feet  long,  8  feet  high,  with  a  fall 
of  12  feet  and  using  25  horsepower;  and  Troy's  saw-mill,  and  Nich- 
olson's grist-  and  saw-mills,  both  lower  down,  are  said  to  use  50  horse- 
power each.  A  cotton-mill  was  built  at  Nicholson's,  but  its  operations 
were  discontinued  and  its  machinery  sold  several  years  ago.  It  is  prob- 
able that  the  tributaries  from  the  north  all  have  a  much  greater  fall 
than  those  from  the  south.  Hunting  creek  drains  an  area  of  about  146 
square  miles,  and  the  area  above  the  factory  is  about  100.  We  would 
estimate  the  power  at  the  factory  at  between  2  and  3  horsepower  gross 
per  foot  fall  during  low  seasons  of  ordinary  years — nearer  3  than  2 — 
or  perhaps  40  horsepower  net,  with  18  feet  fall  and  a  good  motor. 
The  amount  of  power  actually  used  in  the  factory  is  uncertain. 

Rocky  creeky  with  a  drainage  area  of  94  square  miles,  has  located  on 
it  Stimpson  &  Steele's  cotton-factory  (1152  spindles)  and  a  grist-  and 
saw-mill  at  Tumersburg,  using  a  fall  of  19  feet  and  about  80  horse- 
power during  ten  months,  and  60  horsepower  during  the  remaining 
two  months.  The  dam  is  about  300  feet  long  and  6J  feet  high.  Above 
the  cotton-mill  are  the  following  mills  in  about  the  order  named,  the 
waterpowers  given  being  the  amounts  used  during  the  average  season: 
Summers  &  King's  grist-  and  saw-mills,  fall  of  15  feet,  75  horsepower; 

^  Data  for  this  statement  were  furnished  by  Mr.  N.  T.  Summers,  of  Olln,  N.  C. 
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Huies'  grist-  and  saw-mill;  12  feet  fall,  35  horsepower;  Jenings'  grist- 
and  saw-mill,  11  feet  fall,  35  horsepower;  A.  G.  Meyers  &  Co.,  grist- 
and  saw-mill,  12  feet  fall,  20  horsepower;  Williams'  grist-  and  saw-mill, 
12  feet  fall,  20  horsepower;  M.  H.  Shoemaker's  gristrmill,  12  feet  fall, 
20  horsepower;  Eobert  Maberr/s  grist-  and  saw-mill,  12  feet  fall,  20 
horsepower.  A  short  distance  above  the  cotton-mill  at  Tnmersburg 
there  is  reported  to  be  an  excellent  undeveloped  waterpower  belonging 
to  Mr.  T.  M.  Gill.  Eocky  creek  is  similar  in  character  to  Hunting 
creek. 

The  tributaries  to  the  Yadkin  from  Forsyth,  Davie,  and  Yadkin 
counties  are  not  worthy  of  special  mention,  as  they  are  small,  and  in 
some  cases  very  sluggish,  offering  no  powers  of  importance.  In  Surry 
and  Wilkes  counties  we  come  to  a  number  of  streams  which  rise  in  the 
Blue  Eidge  and  pursue  a  southerly  course  to  the  river,  draining  a 
country  very  well  wooded,  and  having  a  very  considerable  fall.  In 
Wilkes  county  there  are  also  a  few  streams  of  this  class  which  rise  on 
the  south,  on  the  northern  slope  of  the  Brushy  mountains,  and  flow 
nearly  north.  All  of  these  streams  are  said  to  afford  numerous  excel- 
lent sites  for  power,  only  a  few  of  which  are  at  present  utilized.  They 
flow  over  rocky  beds,  with  banks  generally  favorable  for  the  construc- 
tion of  dams,  and  their  flow  is  said  to  be  not  very  variable.  They  are 
bordered  with  fertile  and  cultivated  bottom-lands.  Their  drainage  areas 
are  given  in  the  table  on  page  200.  The  mean  annual  rainfall  over  all  this 
upper  part  of  the  Yadkin  valley  is  about  51  inches — 13  in  spring,  14  in 
summer,  10  in  autumn,  and  14  in  winter.  As  regards  the  flow  of  the 
streams,  detailed  estimates  are  not  presented,  because  they  are  liable 
to  be  too  far  in  error.  According  to  all  the  information  which  could 
be  obtained  regarding  power  utilized,  the  flow  must  be  large  compared 
with  other  streams  of  similar  drainage  area  thus  far  considered.  We 
would  be  inclined,  however,  to  estimate  the  average  flow  during  the  low 
season  of  ordinary  years  at  between  0.20  and  0.85  cubic  foot  per  second 
per  square  mile  of  drainage  area,  varying  between  these  figures  for 
drainage  areas  between  30  and  300  square  miles  in  area. 

The  first  of  these  streams  met  witii  is  the  Little  Yadkin^  which  rises 
among  the  Sauratown  mountains  in  Stokes  county  and  flows  in  a  south- 
westerly course,  entering  the  Yadkin  river  near  the  northwest  comer 
of  Forsyth  county.     No  important  powers  are  reported  on  this  stream. 

THE  ARARAT  RIVER. 

The  Ararat  river,  the  next  and  largest  of  these  upper  tributaries, 
rises  among  the  spurs  of  the  Blue  Ridge  mountains  in  Patrick  county, 
Virginia,  and  flowing  in  a  general  southerly  course  enters  the  Yadkin 


198  THE    YADKIN   BXVER    AND   TBIBUTABIBS. 

some  ten  miles  above  tlie  mouth  of  the  Little  Yadkin.  It  drains  an 
area  of  315  square  miles,  of  which  something  over  two-thirds  is  forest- 
covered,  and  the  soil  of  which,  formed  of  granitic  and  gneissic  rocks, 
is  generally  open  or  porous.  The  fall  in  the  stream  which  descends 
from  the  slopes  of  the  Blue  Ridge  to  the  Yadkin  in  a  distance  not 
greater  than  40  miles,  is  considerable,  and  there  are  reported  to  be  a 
number  of  good  powers  along  its  course.  Above  Mt  Airy  are  a  num- 
ber of  grist-  and  saw-mills  using  from  ten  to  twenty-five  horsepower  eacL 

The  Hambueo  ootton-mill,  grist-  and  flour-mill  and  machine-shop 
are  located  on  the  Ararat  about  25  miles  above  its  mouth,  one-half 
mile  east  of  Mt  Airy,  the  small  cotton-mill  operating  1600  spindles. 
The  wooden  dam  is  ten  feet  high  and  150  feet  long,  ponding  the  water 
for  half  a  mile  up  the  river.  The  fall  at  the  mills  is  14  feet,  and  the 
entire  plant  uses  40  horsepower  all  the  year,  the  stream  developing  a 
much  larger  amount. 

At  Buck  shoals,  some  two  miles  below  Mt.  Airy,  and  23  miles  above 
the  mouth  of  the  river,  is  a  saw-  and  grist-mill  with  a  dam  about  6  feet 
high  and  200  feet  long  and  a  fall  of  15  feet,  only  a  small  portion  of  the 
power  being  utilized.  Two  miles  below  (21  miles  above  the  mouth 
of  the  stream),  at  Tumbling  Eogk,  there  is  said  to  be  a  natural  shoal 
of  10  feet  fall. 

At  Flat  shoals  (Forge  mills),  three  miles  further  down  and  about  18 
miles  above  the  mouth  of  the  river,  there  was  a  dam  about  350  feet 
long  and  8  feet  high,  which  gave  a  fall  of  24  feet,  affording  what  is 
said  to  be  an  excellent  power.  Half-way  between  the  Flat  shoals  and 
the  mouth  of  the  river  is  located  the  Matthews  grist-mill,  where  a 
7-foot  d^m  gives  a  fall  of  16  feet. 

On  Stewarts  creek,  a  tributary  of  the  Ararat,  and  four  miles  above 
where  it  joins  the  latter  stream,  is  located  the  Laurel  Bluff  cotton- 
mill,  a  small  factory  with  2500  spindles,  and  a  grist-mill  attached. 
There  is  a  dam  11  feet  high  and  125  feet  long,  giving  a  fall  at  the 
mill  of  16  feet  which,  it  is  claimed,  develops  100  horsepower  nearly 
all  the  time. 

On  Lovills  creek,  another  tributary  of  the  Ararat,  is  located  the 
Alpine  woolen-mill,  about  3  miles  from  Mt.  Airy,  the  mill  operating 
20  looms  and  432  spindles.  There  is  a  dam  150  feet  long  and  5 
feet  high,  giving  a  fall  of  8  feet.  The  mill  uses  30  horsepower,  the 
available  power  being  estimated  at  much  more  than  this  amount. 

Allred's  woolen-mill,  operating  240  spindles,  4  looms,  1  set  card 
and  1  roll  card,  was  located  on  this  creek,  1^  miles  below  the  Alpine 
mill;  but  this  has  been  burned. 
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Fishers  river  and  Mitchells  river  are  the  other  tributaries  of  the 
Yadkin  in  Surry  county,  and  on  both  of  these  there  are  a  number  of 
small  waterpowers  available,  but  none  of  special  value  have  been 
reported.  Both  rise  on  the  slopes  of  the  Blue  Kidge  and  flow  through 
a  region  largely  f  orestrcovered,  and  the  supply  of  water  is  but  slightly 
affected  by  the  dry  seasons. 

Elkin  creeky  which  flows  for  the  greater  part  of  its  course  in  Wilkes 
county,  is  used  at  Elkin  for  a  cotton-factoiy  (Elkin  Manufacturing 
Company),  with  a  fall  of  22  feet  from  a  dam  100  feet  long  and  7  feet 
high,  and  using  70  horsepower  during  nine  months  and  about  50 
during  the  remaining  time.  The  factory  contains  2000  spindles  and  3 
sets  of  cards.     The  waterpower  is  supplemented  by  steam-power. 

About  one-half  mile  above  the  Elkin  Manufacturing  Company's  mill 
are  the  Elkin  Valley  mills,  which  consist  of  a  grist-  and  flour-mill,  a 
shoe-factory  and  a  tannery,  and  which  use  about  65  horsepower  during 
the  larger  part  of  the  year,  from  a  pond  which  has  a  wood  dam  13  feet 
high  and  126  feet  long,  giving  a  fall  of  18  feet  at  the  wheel.  This  site 
was,  until  1894,  occupied  by  the  woolen-mill  of  the  Chatham  Manufac- 
turing Company. 

About  three  miles  above  the  Elkin  Valley  mills  is  a  site  known  as 
Cabtebs  falls,  which  is  an  excellent  small  waterpower  with  an  excep- 
tionally large  fall  in  a  short  distance. 

In  Wilkes  county  the  more  important  tributaries  of  the  Yadkin, 
Roaring  river,  Rock  creek.  Mulberry  river,  Reddies  river,  Lewis  fork, 
Stony  fork  and  Hlk  creek,  all  rise  among  the  spurs  of  the  Blue  Kidge 
and  flow  as  rapid  mountain  streams  through  forest-covered  areas;  and 
all  afford  numerous  small  powers,  large  enough  and  constant  enough  to 
run  small  factories,  saw-,  grist-  and  flouring-mills.  The  banks  of  these 
streams  being  generally  high,  dams  can  be  built  cheaply  and  without 
danger  of  overflowing  large  tracts  of  fertile  land;  so  that  a  large  part 
of  the  total  fall  of  these  streams  may  thus  be  rendered  available  for 
power,  and  there  seems  no  doubt  that  a  large  amount  of  power  can  be 
utilized  in  this  region.  In  the  case  of  a  majority  of  these  streams  it  is 
probable  that  near  their  junction  with  the  Yadkin  they  would  afford 
from  2  to  4  horsepower  per  foot  fall  in  dry  seasons,  and  sites  can  be 
found  here  and  there  which  can  be  easily  developed  so  as  to  have  falls 
of  20  to  30  feet  These  powers  have  been  rendered  more  accessible 
by  the  construction  of  the  Wilkesboro  railroad.  The  climate  through- 
out this  region  is  remarkably  healthy  and  salubrious. 

Reddies  river  rises  on  the  southeastern  slopes  of  the  Blue  Eidge  and 
after  flowing  for  about  20  miles,  following  the  general  course  of  the 
stream,  in  a  southeasterly  course,  it  empties  into  the  Yadkin  river  just 
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above  the  town  of  North  WUkesboro,  draining  in  its  course  through  the 
coiinty  an  area  of  47  square  miles. 

A  short  distance  above  the  mouth  of  the  stream  there  is  a  sash,  door, 
bKnd  and  building  material  factory  which  obtains  its  power  from  this 
stream.  There  is  a  shoal  with  a  natural  fall  of  4.6  feet  and  on  this  is 
built  a  9-foot  dam,  giving  a  total  fall  of  13.6  feet.  It  is  said  that  a  40- 
barrel  capacity  roller  flour-mill  will  soon  be  completed  here  which  will 
also  use  power  from  this  development 

The  following  table  will  give  in  a  more  connected  form  a  view  of  the 
drainage  areas  of  the  various  streams  tributary  to  the  Yadkin: 


Drainage  Areas  of  the  Tributaries  of  the  Tadkin. 


stream. 


Tributary  to  what,      i      Above  what  place. 


Drainage 


Sq.  miles. 


Waocamaw  river lYadkin-Pee  Dee Mouth 

do I ....  do In  North  Carolina 1 

Black  river do Mouth | 

Little  Pee  Dee  river !....do I.... do i 

Do do *In  North  Carolina ; 

Do I do I  Mouth  of  Lumber  river.  I 

Lumber  river Little  Pee  Dee Mouth I 

Black  creek Yadkin-Pee  Dee .....do 

Jones  creek [....do !....do 1 

Hitchcocks  creek ' do do 

Do do '  Atmouthof  Fallingcreekl 

Falling  creek Hitchcocks  creek iMouth 

Littleriver Yadkin-Pee  Dee ;....do 

Bro  wns  creek ' ....  do ' ....  do I 

Uharie  river ...  do ....do i 

Booky  river do ' do 

Do I do At  Garments  mills | 

Long  creek I  Kocky  river Mouth 

Kicbard sons  creek do .....do 

Lanes  creek i....do ....do , 

Crane  creek !  Yad  kin do ; 

Oran ts  creek  i do 1 do 

South  Yadkin  river | ...  .do I ...  .do i 

Do do 1  Hairstons  falls 

Third  creek South  Yadkin Mouth I 

Fourth  creek i Third  creek do ' 

Bear  creek South  Yad  kin I ....  do i 

Dutchmans creek .....do '....do ' 

Huntingr  creek *. do i  —  do , 

Do |....do .Factory 1 

Rocky  river do I  Mouth i 

Do 1  .  .do Factory ] 

Second  creek South  Yadkin iMouth 

Muddy  creek \  Yadkin , do 1 

Abbotts  creek  '....do — do 

Dutchmans  creek t  •  •  •  ♦  do ....  do I 

Deep  creek , do I — do I 

Little  Yadkin  river '....do I. ...do « 

Ararat  river do ,  —  do 

Do '  —  do Mount  Airy 

Stewarts  creek  i Ararat Mouth 


Lovllls  creek ' do. 

BlkincreeK I  Yadkin. 

Fishers  river do . .  • 

Mitchells  river | . . . .  do. . . 

Roaring  river do .. . 

Mulberry  creek ' do . . . 

Keddies  river I ...  .do. . . 

Cub  creek I . . . .  do . . . 

Moravian  creek I — do . . . 

Warrior  creek I  —  do. . . 

Buffalo  creek do. . . 


.do., 
.do. 
.do., 
.do., 
.do.. 
•  do., 
.do. 
.do., 
.do. 

do. 

do. 


1,296 

788 

1^10 

3,Q2S 

1.942 

415 

1,790 

457 

96 

108 

86 

12 

400 

S06 

817 

1,406 

528 

168 

100 

140 

108 

84 

8S0 

591 

215 

08 

40 

18 

146 

100 

94 

88 

108 

1T9 

196 

97 

106 

58 

815 

60 

51 

52 

63 

90 

81 

89 

56 

47 

37 

81 

38 

41 
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Tabls  of  power  utilized  on  the  Yadkin  riyxr.^ 


Name  of  stream. 


Tributary  to 
what. 


County. 


Kind  of  mUl. 


i 

I   9 


V 


Tadktn-Pee  Dee  river, 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

T^accamaw  and  i 
tributaries.      J 

Do 

Little  Pee  Dee  and  i        i 
tributaries  f'*!* 

Do 

Do I. 

Do . 

Do 

Do 

Do 

Gum  8wamp  creek ,  Little  Pee  Dee. 

Do ....do 

Do I.... do 

Hitchcooks  creek lYadkin 

Hn t fill 


Fall  Inir  creek Hitobcocks  creek 

Do do 

Littleriver  do 


Atlantic  ocean . .  ■  Richmond 

...do j.  ..do 

—  do '  Anson 

—  do Montgomery.. 

— do do 

....do Stanly 

....do '  —  do 

,  —  do Rowan 

I ....  do Davidson 

'....do i....do 

I . . .  do I  Forsyth 

...do Yadkin 

I....  do '....do 

....do Caldwell 

Pee  Dee |Brunswick... 

....do |....do 

do ^  Columbus  — 

do I  —  do 

do '  Robeson 

do |....do 

do Richmond 


Klour  and  grist 

Cotton-gin I 

Flour  and  grist ' 

....do 

Cotton-mill I 

Grist-mill I 

Saw-mill  and  grist-mill  — 

Gri'^mill 

....do 

Saw-mili 

Electric  Power  Co 

Grist-mill 

Saw-mill 

Cotton-factory 

Flour  and  grist. ., 

Saw .' 

Flour  and  grist 

Cotton-gin 

Flour  and  grist 

Saw 

Ag.  implements 

Flour  and  grist 

Saw 

Cotton-factory 

do 


6.6 
6.5 


10.0 
17.0 
8.0 
16.0 
6  31.0 
2   lU.O 

1  10.0 
1,  18.0 

2  29.0 
ll  25.0 


8 

4 

24 

49 

125 


40 


1,000 
10 
26 
80 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Do. 


Rocky  river  and  tributa- 
ries  

Do. 


Do.. 
Do.. 
Do.. 
Do.. 
Do. 
Do.. 
Do.. 
Do.. 
Do. 


....  do ;Grlst-mill 

....do iSaw-miU 

...  .do Cotton-gin,  power-bouse. 

....  do Cotton  factory 

....do Grist-mill 

Montgomery , Saw-mill 

...  .do I  Flour  and  grist 


South  Yadkin  river  and 
tributaries Yadkin  river. 


.do 

.do 'Anson. 

do ....do .. 

.do SUnly 

•  do '  —  do. 

.do Union. 

.do do Flour  and  grist . 

.do Cabarrus do 

.do do Saw 

.do do Cotton-gin 

..do Mecklenburg Flour  and  grist. 

..do Rowan |....do 


.  ...do 

.Isaw 

.Flour  and  grisi. 

.Saw 

.do. 


II  9.5 

6 

r  9.0 

12 

3.  235 

20 

3'  24.0 

27  196.0 

260 

10  68.0 

134 

1  5.0 

6 

8  6.0 

74 

2  10.0 

18 

1  12.0 

90 

li  10.0 

110 

1'  7.5 

86 

1  16.0 

860 

1  13.0 

200 

1  22.0 

300 

1  24.0 

800 

1  10.0 

100 

4  ..  . 



X 

1  24.0 

25 

1  45.0 
1 

150 

2  27.0 

42 

7  77.0 

1  ^^ 

3  21.0 

1   45 

2  14.C 

22 

121  86.G 

258 

4I  28.C 

80 

1  lO.C 

20 

8  72.C 

1  123 

20  22a.C 

821 

3 

1   60 

8  84.0,   65 

2  38.( 

27 

6  92.0 

42 

Do. 
Do. 
Do. 
Do. 
Do. 
Do.. 
Do., 
Do.. 
Do.. 
Do.. 
Do. 


•  do I  Davie 

.do. 
.do. 
.do. 
do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


.do |....do 

'....do 

....do |8aw 

Iredell ...do 

do I  T^a  t  h  er 

....  do I  Cotton  gin 

...  .do iFlour  and  grist . 

....  do Cotton-factory. . 

Alexander do  

do Saw 

....  do Furniture 

...  .do Blackamithing . . 


148 
171 


109 


11124 

8  101 

3   87 

6   97 

1;  I5.O1      10 

3   56"       ~ 
80  456 

2,  37 

4!  60. 

li  12 

1     7 

li    7 


81 

480 

140 

92 

16 

10 

4 


1  Compiled  principally  from  returns  of  the  tenth  census. 
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TABI.E  OF  POWER  UTI1.IZED  ON  THE  Yadkin  RIVER.- Continued. 


Name  of  stream. 


Other  tributaries  of 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Ararat  river 

Do 

Do 

Do 

Stewarts  creek 


Kind  of  mlU. 


1=     s  I 

'  e    =  sj 

z    1  c 


Yadkin Richmond Flour  and  grist . 

— do do Cotton-gin 

— do iMontgomery | Flour  and  grist . 

....do do iSaw 

—  do Randolph |  —  do 

. . .  .do ...  .do Flour  and  grist . 

do Davidson i  —  do 


3  5O.0 
1    lO.O 


.do iSaw . 

....  do tCotton-gin 

Forsyth |  Flour  and  grist . . 

Stokes do 

i — do |Saw 

A  nson ...  do 

.do I  Flour  and  grist. 


.do. 
.do. 
do. 
.do. 
.do. 
.do. 

.do 

.do Mecklenberg . 


.do. 


.do <  Rowan | ....  do 

.do Davie .....do 

.do do 9aw 

.do Yadkin I  Flour  and  grist. 

.do Surry Cotton-mill        ♦ 

.do do Grist  and  flour  f 

.do do Saw  and  grist.... 

. ...do do Gristmill  

okcwnri/B  vrevA Ararat do i(>otton-mill 

LoviUs  creek do ....do I  Woolen-mill 

Blkln  creek lYadkin do Cotton-factory.., 


Do. 
All  other  tributaries  of  . 

Do  

Do 

Do 


.do. 
....do. 
....do. 
....do. 
....do. 


.do I  Shoe-factory . 

....do Saw 

— do I  Flour  and  grist. 

Wilkes '....do 

do Saw 


V 

1     K\) 

8« 

15 

6,  52.0 

16 

13  2O6.0 

1« 

2H2«I.O 

44« 

12   80.0 

m 

1     9.0 

i 

13  227.0 

life 

5  70.0 

.Sp 

3; 

7i 

2  23.0 

•^ 

7  125.0 

11 

2   38.0 

13 

lai 

i3 

1     9.0 

i 

12,.... 

in 

1,  14.0 

40 

1   15.0. 

1   16.0. 

1   16.0 

100 

1    8.0 

1*1 

1  22.0 

:o 

1  18.0 

65 

4  53.0 

t 

11 163.0 

110 

12140.0 

W! 

2  12.0 

14 

CHAPTER  IX. 
THE  CATAWBA  KIVER  AND  TKIBUTARIES/ 

THE  CATAWBA  BIVEB. 

The  Catawba  river  rises  on  the  eastern  slope  of  the  Blue  Ridge,  in 
McDowell  county,  North  Carolina,  its  main  source  being  between  the 
Blue  Eidge  and  a  spur  of  the  same  known  as  Bald  mountain.  It  first 
flows  nearly  northeast  into  Burke  county,  and  then  nearly  east  between 
Caldwell  and  Alexander  on  its  left  and  Burke  and  Catawba  counties  on  its 
right.  It  then  bends  quite  abruptly  toward  the  south,  and  flows  in  a  direc- 
tion a  little  east  of  south  between  Iredell  and  iiecklenburg  counties, 
North  Carolina,  and  Lancaster,  Kershaw  and  Sumter  counties.  South 
Carolina,  on  its  left,  and  Catawba,  Lincoln  and  Gaston  counties.  North 
Carolina,  and  York,  Chester,  Fairfield  and  Richland  counties.  South 
Carolina,  on  its  right,  uniting  with  the  Congaree  to  form  the  Santee. 
It  also  flows  for  a  short  distance  through  Kershaw  county,  South  Caro- 
lina. Its  general  course  is  seen  to  be  nearly  parallel  to  that  of  the 
Yadkin  and  Great  Pee  Dee.  The  river  is  known  as  the  Catawba  down 
as  far  as  the  mouth  of  the  Big  Wateree  creek,  in  Fairfield  county,  South 
Carolina,  below  which  point  it  is  known  as  the  Wateree.  Its  total 
length,  in  a  straight  line,  is  about  160  or  170  miles,  but  by  the  general 
course  of  the  river  it  is  nearly  225  miles,  and  over  300  miles  if  all  its 
windings  are  followed.  The  length  of  the  Wateree  is  about  105  miles, 
and  the  total  length  in  South  Carolina  about  160  miles.  The  prin- 
cipal town  on  the  river  is  Camden,  South  Carolina,  there  being  no 
important  ones  above. 

The  stream  is  navigable  as  high  as  Camden,  it  being  probably  prac- 
ticable to  secure  a  depth  of  2  feet  and  over  up  to  this  place.  Above 
Camden  the  fall  of  the  stream  is  so  great  that  navigation  is  not  prac- 
ticable. About  the  year  1826  the  state  of  South  Carolina  attempted  to 
render  the  river  navigable  by  means  of  locks,  dams,  and  canals,  and 
several  very  extensive  and  important  works  were  constructed  at  great 
expense;  but  the  undertaking  is  said  to  have  been  given  up  before  the 
works  were  completed. 

The  total  area  drained  by  the  stream  embraces  about  5225  square 

^  By  Geo.  F.  Swain  and  J.  A.  Holmes. 

*  Annual  Report  Chief  of  Engineers,  1880,  p.  916. 
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miles  (of  which  3085  are  in  North  Carolina),  and  the  drainage  basin 
resembles  in  many  respects  that  of  the  Yadldn,  so  that  it  need  not  be 
described  here  in  detail.  Like  the  Yadkin,  the  upper  part  of  the  river 
flows  between  parallel  ranges  of  mountains,  from  which  it  receives  a 
number  of  tributaries,  afiording  considerable  waterpower,  and  with  a 
rapid  fall,  the  width  of  the  valley  being  about  the  same  as  that  of  the 
Yadkin.  In  the  lower  half  of  its  course  in  North  Carolina  the  valley 
of  the  Catawba  is  very  narrow — ^not  over  16  or  20  miles  in  width — ^and 
it  receives  only  one  important  tributary,  the  South  fork,  which  enters 
from  the  west  near  the  South  'Carolina  line,  after  draining  an  area  of 
about  730  square  miles.  Below  this  point  the  valley  is  wider,  but  there 
are  no  tributaries  of  much  importance.  A  few  miles  above  Camden 
the  river  crosses  the  fall  line,  and  below  that  point  it  partakes  of  the 
general  character  of  the  streams  of  the  eastern  division.  The  country 
drained  by  the  river  is  very  fertile  and  well  populated,  the  productions 
being  about  the  same  as  in  the  Yadkin  valley.  The  valley  abounds  in 
building  stone  of  the  best  kind.  In  Gaston,  Lincoln,  and  Catawba 
counties  there  are  fine  deposits  of  iron  ore  and  a  number  of  deposits  of 
gold  ore;  and  in  Gaston  county  are  several  valuable  deposits  of  pyrites. 

As  r^ards  bed,  banks,  freshets  and  bottoms,  the  river  resembles  the 
Yadkin,  except  that  the  bottoms  are  narrower  in  the  lower  half  of  its 
course  in  North  Carolina.  There  are  no  lakes  in  the  basin,  but  in  the 
upper  part  the  facilities  for  storage  are  said  to  be  good.  The  soil  in  this 
upper  part  is  generally  porous,  and  at  least  65  per  cent,  of  the  area  in 
Burke,  Alexander,  Caldwell  and  McDowell  counties  ia  forest-covered. 

The  average  rainfall  in  the  basin  is  about  50  inches,  of  which  about 
12  fall  in  spring,  14  in  summer,  10  in  autumn,  and  14  in  winter. 
Toward  the  upper  part  of  the  stream,  however,  the  rainfall  in  winter 
increases,  and  is  probably  greater  than  in  the  sunmier. 

The  elevation  of  the  stream  at  different  points  is  given  in  the  follow- 
ing table,  from  which  it  will  be  seen  that  the  fall  is  very  great  for  such 
a  large  stream;  and  it  is  this  large  fall  which  has  prevented  the  river 
from  having  ever  been  made  navigable,  although,  as  already  remarked, 
many  years  ago  the  state  of  South  Carolina  expended  a  great  amount  of 
money  endeavoring  to  make  it  navigable  by  means  of  locks,  dams  and 
canals. 

The  flow  of  the  river  was  measured  by  Professor  Kerr  near  Hickory, 
giving  2156  cubic  feet  per  second,  which  is  evidently  not  the  low-season 
flow,  as  the  drainage  area  above  this  point  is  not  much  over  1000  square 
miles. 

Measurements  of  flow  were  made  by  the  Geological  Survey  in  1896, 
1897  and  1898  at  Rock  Hill,  S.  C.  (drainage  area  given  as  2987  square 
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Table  of  Declivity  of  the  Catawba  and  Watereb  rivers. 


Place. 


«;5     I 
Co 

5a 


!  Miles.  I 

Junction  with  CoDffaree '  0 

Croflslngr    of  Charleston    and    Northwestern    railroad  1 

(narrow  gauffe) ,  126 

Crossing  of  Charlotte,  Columbia  and  Augusta  railroad. . .  160 

Crossing  of  Piedmont  Air  Line  (Southern)  railroad 170 

I 

Crossing  of  Western  North  Carolina  railroad 226 

Five  miles  northwest  of  Hickory ■  250 

Morganton I  268 

Mill  creek,  two  miles  east  of  Old  Fort | 

Mill  creek  at  Old  Fort |  818 

Mill  creek,  last  crossing  of  Western  North  Carolina, 

railroad !  32«± 

Swannanoa  gap  (headwaters) |  334± 


Bo 


if 

55 


Feet. 

80± 

385 

496 

648 

764 

916 
1,019^ 
1,370  - 
1,482] 
2,080 
2,668 


Miles.     Feet. 


!5 

1-2 


.126  |. 

..26  |. 

..20  |. 

..66  |. 

;-..26  |. 

t..l8  , 

Lro  i. 


.131; 

.  52 
.206| 
.16i; 
.1041 


Feet 
per 

mile. 

....2.28 
...6.24 

....2.ao 

....3.75 
....6.46 
....6.78 


}..8+, 
f..8+. 


.413. 

I 

.6981. 

.8281. 


.8.26 


..74.76 
..78.50 


miles),  and  at  Catawba,  N.  C.  (drainage  area  given  as  1535  square 
miles);  and  a  statement  of  the  results  will  be  found  on  pp.  312-319  of 
this  report 

At  Rock  Hill,  S.  C,  the  smallest  flow  measured  was  1336  cubic  feet 
per  second,  or  0.46  cubic  foot  per  second  per  square  mile,  and  the  max- 
imum was  46,040  cubic  feet  per  second,  or  15.5  cubic  feet  per  second 
per  square  mile. 

At  Catawba,  N.  C,  the  smallest  flow  measured  was  732  cubic  feet 
per  second,  or  0.48  cubic  foot  per  second  per  square  mile,  and  the  max- 
imum was  9711  cubic  feet  per  second,  or  6.3  cubic  feet  per  second  per 
square  mile. 

These  measurements,  however,  have  not  been  extended  over  a  suf- 
ficiently long  period  of  time  for  them  to  ser^^e  as  a  reliable  basis  for 
computing  the  minimum  or  the  low-season  flow. 

The  map  shows  the  railroads  which  cross  the  stream,  from  which  it 
will  be  seen  that  it  is  easily  accessible  in  almost  all  of  its  parts. 

It  may  be  mentioned  here  that  the  width  of  the  river  between  the 
mouth  of  Wateree  creek  in  South  Carolina  (where  the  Catawba  be- 
comes the  Wateree)  to  the  North  Carolina  line  varies  from  300  to  3000 
feet,  while  its  banks  vary  in  height  from  10  to  100  feet,  being  generally 
nearer  the  lower  figure. 
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WATEBPO%VE:i    ON    THE    CATAWBA    RIVEB. 

We  may  now  proceed  to  describe  with  as  much  detail  as  the  infor- 
mation in  hand  will  permit,  the  more  important  waterpowers  on  the 
Catawba  in  North  Carolina,  ascending  from  the  mouth  of  the  South 
fork  at  the  South  Carolina  line. 

The  river  was  surveyed  in  1824,  under  authority  of  the  state  of 
North  Carolina,  between  the  state  line  and  Moores  shoals,  10  miles 
below  Morganton,  by  Mr.  Hamilton  Fulton,  a  portion  of  whose  map 
and  profile  is  in  the  oflSce  of  the  state  geologist  in  Kaleigh,  from  which 
the  table  of  shoals  further  on  is  condensed/  Beside  the  shoals  men- 
tioned in  the  table,  there  are  numerous  others  of  smaller  fall,  but  which, 
however,  may  be  more  favorable  for  power  than  those  named,  being 
perhaps  more  favorably  located,  and  permitting  the  erection  of  high 
dams.     All  these  points  can  only  be  determined  by  a  survey. 

Near  the  state  line  there  are  several  shoals  with  falls  of  from  3  to 
6  feet,  some  of  which  have  been  used  to  a  limited  extent,  but  there  is 
so  often  trouble  from  high  water  that  these  sites  are  unsuitable  for  fac- 
tories. 

At  Eoss  FALLS,  located  a  short  distance  above  the  state  line,  there 
is  said  to  be  a  fall  of  8.1  feet  in  a  distance  of  0.9  mile. 

At  Book  Island  shoal  is  now  located,  on  the  Mecklenburg  side  of 
the  river,  a  grist-  and  saw-mill,  owned  by  Hilton  &  Erwin.  There  is  a 
wing-dam  about  360  feet  long  and  5  feet  high  which  gives  a  fall  at 
the  mill  of  about  9  feet,  and  the  power  used  is  about  60  horsepower. 
There  wef e  formerly  located  here  the  Rock  Island  woolen-mills. 

The  Tuckasegeb  shoal,  about  9  miles  above  the  state  line  and  one 
mile  below  the  Carolina  Central  railroad  crossing,  is  a  waterpower  of 
considerable  importance,  and  has  been  more  largely  developed  than 
those  below  it.  The  natural  fall  here  is  said  to  be  11.22  feet  in  a  dis- 
tance of  1.02  miles.  The  Tuckasegee  Manufacturing  Company's 
cotton-mill,  located  on  the  Gaston  or  west  side  of  the  shoal,  contains  65 
cards  and  6000  spindles,  all  operated  by  water,  about  160  horsepower 
being  used.  There  is  a  wooden  wing-dam  about  200  feet  long,  giving  a 
fall  of  water  at  the  mill  of  11  feet  There  is  never  any  trouble  from 
low  water,  but  high  water  interferes  with  the  running  of  the  mill  during 
an  average  of  6  days  in  the  year.  As  seen  from  the  table  given  on  page 
212,  the  "  minimum  "  or  lowest  possible  power  of  the  dry  est  season  here 
should  be  about  426  horsepower. 

Mountain  Island  shoal. — Three  miles  above  the  Tuckas^ee  shoal 
is  the  fourth  power  on  the  Catawba  in  North  Carolina,  at  Mountain 

>  Extract  from  Annual  Report  Chief  of  Engineers,  1876,  p.  83,  et  seq. 
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Island  shoal,  about  3  miles  above  the  Carolina  Central  railroad,  and 
above  the  mouth  of  Diitchmans  creek.  The  fall  in  the  river  between  a 
point  one  mile  above  the  factory,  or  a  little  above  the  head  of  the  shoal, 
and  the  railroad  bridge  below  is  38  feet,'  but  of  this  fall  nearly  30  feet 
occurs  in  one  mile  near  the  factory.  The  bed  of  the  stream  is  rock, 
the  banks  on  the  east  side  steep,  while  they  are  shelving  on  the  west 
and  very  favorable  for  building,  with  no  danger  from  high  water.  The 
power  is  utilized  to  a  small  extent  by  the  cotton-factory  of  the  Catawba 
Electric  Power  Company,  containing  6300  spindles,  100  looms  and  48 
cards.  At  the  head  of  the  shoal  is  a  series  of  three  small  islands  near 
the  right  bank,  with  the  distance  of  only  a  few  feet  between  them  and 
the  shore,  and  between  the  islands  and  the  shore  a  certain  amount  of 
water  flows  naturally,  with  no  dam  to  turn  it  in.  This  water  is  all  that 
is  used  by  the  factory,  there  being  no  dam  at  the  head  of  the  islands 
except  a  wing-dam  of  wood,  300  feet  long  and  4  feet  high,  used  to  turn 
the  water  into  the  "  race,"  and  the  only  other  dams  are  three  slough- 
dams,  connecting  the  islands  with  each  other  and  the  lowest  one  with 
the  shore,  the  two  former  of  which  are  of  rough  stone  and  the  third 
of  crib-work,  and  about  40  feet  long  and  8  feet  high.  From  the  foot 
of  the  lowest  island  an  artificial  race  about  600  feet  long  leads  to  the 
factory,  where  a  fall  of  22^  feet  is  used  and  about  190  horsepower;  in 
addition  to  which  there  is  a  grist-  and  saw-mill  and  a  cotton-gin,  using 
together  50  to  60  horsepower  and  16  to  16  feet  fall.  Full  capacity  can 
be  secured  all  the  time.  The  total  distance  between  the  head  of  the 
small  islands  referred  to  and  the  factory  is  about  three-quarters  of  a 
mile,  below  which  the  fall  continues  for  a  short  distance.  The  fall  in 
the  canal  is  considerable,  and  the  total  fall  down  to  the  factory  is  in 
the  neighborhood  of  26  feet. 

The  drainage  area  above  this  shoal  being  about  1538  square  miles, 
the  power  is  estimated  as  follows: 

Table  or  Power  at  Mountain  Island  shoal. 


state  of  flow.  ||         ^      |    |l    ,   ""lUeT/oS.^'"" 


fc 


(See  pages  64  to  59.)»  ^^Ji^ .  Feet.  ,  C"bic    1  foot 


miles.'  '"*'*•     feet.  |   fall. 


Minimum ')  I     300,      84.1 

Minimum  averagre  for  the  low  season >•  1,538  |       30*    -^     880  i      48.2 

Avera{?e  for  the  low  season  of  average  dry  years,  i  )  f     4.50        51.1 


25  feet 
fall. 

850 
1,080 


30  feet 
fall. 

1,000 
1,300 


51.1  I     1,375  I      1.500 


^  From  information  furnished  by  B.  S.  Guion,  C.  E.,  Llncolnton,  N.  C. 
'  For  later  measurements  of  the  flow  of  Catawba  river,  see  pp.  312  to  319. 
>  See  description. 
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The  whole  of  this  power  is  easily  available  on  the  west  bank,  with 
good  facilities  for  buildings  and  canals.  A  series  of  mills  could  be 
built,  using  an  average  fall  of  25  feet  or  more,  and  with  little  trouble 
from  high  water,  and  none  from  ice.  The  east  side  is  not  so  favo^ 
able.  It  is  to  be  remarked  that  the  pond  would  probably  be  small,  and 
the  power  could  not  be  concentrated  into  fewer  than  24  hours  except 
by  reservoirs  elsewhere.  The  shoal  is  12  miles  from  Charlotte  and  3 
miles  from  the  Carolina  Central  railroad,  with  which  it  might  easily 
be  put  in  communication  by  rail.  It  is  in  the  cotton-belt,  and  in  a  most 
healthy  part  of  the  country.  It  is  one  of  the  most  available  powers 
in  North  Carolina. 

Just  above  Mountain  island  the  river  makes  a  remarkable  bend,  or 
horseshoe,  the  distance  by  land  across  the  chord  being  1^  miles,  while 
it  is  7i  miles  around  by  the  river.*  This  bend  has  been  talked  of  as  a 
site  for  waterpower,  which  would  afford  a  large  fall  if  the  bend 
were  cut  through.  According  to  Professor  Kerr,  however,  the  river  is 
sluggish  along  the  bend,  and  the  total  fall  is  small,  some  9  or  10  feet 
only. 

Of  the  shoals  above  Mountain  island  but  few  have  been  utilized,  and 
these  to  only  a  small  extent.  They  have  not  been  examined  by  the 
writers,  and  the  information  here  given  concerning  them  has  been  de- 
rived from  the  reports  of  the  Chief  of  Engineers  of  the  United  States 
Army,  the  chart  made  by  Hamilton  Fulton  in  1824,  and  by  corre- 
spondence from  persons  living  in  the  region  through  which  the  river 
passes.  The  names  given  to  these  shoals  are  those  which  were  in  use 
many  years  ago,  and  in  a  few  cases  other  names  may  have  been  in  part 
substituted  for  those  here  given. 

Cowan  ford  shoal,  the  first  important  shoal  reported  above  Moun- 
tain island,  has  a  fall  of  27.26  feet  in  a  distance  of  4.17  miles.  As 
shown  in  the  table  below  (p.  212),  the  estimated  minimum  power  here 
for  the  dryest  seasons  is  900  horsepower;  but  the  extent  to  which  this 
power  can  be  rendered  available  can  only  be  determined  by  a  careful 
survey  of  the  entire  shoal. 

Beatties  ford  shoal  is  about  6  miles  further  up  the  river.  This 
latter  is  reported  to  be  a  good  power  but  is  undeveloped.  Its  availa- 
bility can  be  determined  only  by  a  careful  examination.  It  has  a  fall  of 
13  feet  in  2.38  miles,  and  8  feet  of  this  fall  is  said  to  occur  in  about 
1000  feet,  where  the  stream  has  a  width  of  about  100  yards  and  a  good 
rock  bottom  suitable  as  a  foundation  for  a  dam.  Its  estimated  power 
for  the  total  fall  (13  feet)  in  the  dryest  of  dry  seasons  is  420  horsepower. 

^  Annual  Report  Chief  of  Engineers,  1876,  app.  G,  p.  33. 
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In  ordinary  seasong  the  power  would  be  considerably  greater.     A  fuller 
tabular  statement  of  the  power  of  this  shoal  is  given  below  (p.  212). 

The  MoKBO  SHOAL  (old  Granite  shoal),  2  miles  above  Sherrills  ford 
and  2  miles  below  the  Buffalo  shoal,  is  the  first  of  the  shoals  above 
Mountain  island  which  is  now  utilized  to  any  considerable  extent.  Here 
the  cotton-mill  of  the  Monbo  Manufacturing  Company  (formerly  the 
Granite  shoals  mill  of  the  Catawba  Manufacturing  Company),  operating 
7  cards,  43  looms  and  1600  spindles,  is  located  on  the  west  bank  of  the 
river  8  miles  southeast  of  Catawba,  the  nearest  station  on  the  Western 
North  Carolina  railroad.  At  this  point  the  river  is  about  one-fourth 
mile  wide  and  divided  by  islands.  From  the  Monbo  mill  a  dam  225 
feet  long  and  4  feet  high  extends  across  a  division  of  the  river  to  Goat 
island,  and  thence  a  wing-dam  2  feet  high  extends  up  the  river  nearly 
800  feet  to  the  lower  end  of  Long  island,  which  many  years  ago  was 
known  as  Crawfords  island.  This  wing-dam  and  island  divide  the 
river  into  two  parts;  the  western  portion  forms  the  power  for  the 
Monbo  mill,  the  eastern  or  Iredell  side  is  still  an  undeveloped  shoal. 
The  Monbo  mill  has  a  six-foot  fall  of  water  at  the  wheel  and  uses  about 
60  horsepower,  this  being  but  a  small  part  of  the  power  available.  The 
running  of  the  mill  is  never  interfered  vnth  by  low  water,  but  high 
water  interferes  during  a  few  days  of  each  year. 

Long  Islaiyd  shoal  (formerly  known  as  the  Crawford  Island  shoal), 
about  one  mile  above  the  Monbo  mill,  like  the  latter,  is  located  on  the 
Catawba  or  west  bank  of  the  river,  and  derives  its  power  from  a  shoal 
in  that  part  of  the  river  between  the  west  bank  and  Long  island.  The 
cotton  factory  (Long  Island  mill)  located  here  is  7  miles  southeast  of 
the  nearest  railroad  depot — Catawba  station,  on  the  Western  North 
Carolina  railroad.  It  operates  10  sets  of  cards  and  3000  spindles,  using 
about  60  horsepower,  a  small  part  of  the  power  available.  The  dam  is 
about  300  feet  long,  extending  from  the  west  bank  to  Long  island,  and 
is  3  to  6  feet  high,  the  fall  of  water  at  the  mill  being  6.5  feet.  The 
old  Crawford  Idand  shoal  as  measured  by  Hamilton  Fulton  (1824)  is 
recorded  as  having  a  fall  of  23.44  feet  in  1.69  miles,  and  this  shoal  has 
an  estimated  minimum  of  700  horsepower  in  the  dryest  of  dry  seasons, 
while  in  ordinary  seasons  the  power  would  be  much  greater.  Whether 
this  measurement  included  both  the  Monbo  and  Long  Island  shoals  as 
described  above,  or  only  the  latter,  cannot  now  be  determined  without 
a  remeasurement  The  table  below  gives  the  estimated  power  of  the 
total  fall  (23.44  feet)  at  these  shoals  (p.  212). 

Buffalo  shoal,  about  2  miles  above  Long  Island  shoal,  has  a  fall  of 
11.4  feet  in  a  little  more  than  half  a  mile  (.66).  It  is  said  to  be  a  good 
site  for  waterpower,  but  is  undeveloped  at  the  present  time.     The  min- 
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imnm  dry  season  power  estimated  for  this  fall  (11.4  feet)  is  325  horse- 
power, while  in  ordinary  seasoiis  the  power  would  be  much  greater. 
This  shoal  is  but  a  short  distance  below  the  Western  North  Carolina 
railroad.     (See  table  of  power,  p.  212.) 

About  7  miles  above  Buffalo  shoals  and  a  less  distance  above  the  rail- 
road, is  a  shoal  with  a  fall  of  9.7  feet  in  a  distance  of  2.18  miles,  and 
2  miles  higher  up  the  river  is  another  shoal  with  a  fall  of  8.6  feet  in  a 
distance  of  1.'32  miles.  The  first  of  these  has  an  estimated  minimum 
dry  season  flow  equivalent  to  250  horsepower;  and  the  latter  of  225 
horsepower.  During  ordinary  seasons  the  power  would  be  much  greater 
than  this  (p.  212). 

Lookout  shoal,  the  lower  end  of  which  is  1.3  miles  above  the  last- 
mentioned  shoal  and  6  miles  (across  country)  above  the  Western  North 
Carolina  railroad  at  Catawba  station,  has  the  greatest  fall  of  any  shoal 
on  the  river  in  North  Carolina,  the  descent  being  54.25  feet  in  a  distance 
of  3.2  miles.  About  30  feet  of  this  fall  is  said  to  occur  in  a  distance 
of  three-fourths  of  a  mile,  the  river  at  this  place  having  a  width  of 
about  900  feet  The  bed  of  the  river  is  of  rock,  and  there  is  said  to 
be  an  abundance  of  stone  of  good  quality  convenient  for  building,  and 
good  factory  sites  on  both  sides  of  the  river.  The  shoal  has  been 
developed  to  only  a  small  extent,  being  used  for  a  saw-  and  roller  flour 
mill.  It  is  evidently  an  excellent  waterpower,  as  shown  by  the  table 
below,  which  indicates  the  minimum  estimated  power  for  the  total  fall 
(54.25  feet)  in  the  very  dryest  possible  season  to  be  1450  horsepower, 
while  the  power  during  ordinary  dry  seasons  would  be  much  greater 
than  this  (p.  212). 

Lower  Little  river  shoal,  about  one  and  one-third  miles  above 
the  top  of  Lookout  shoal,  is  between  the  upper  end  of  Druin  island  and 
the  lower  end  of  Three-cornered  island,  with  a  fall  of  9.7  feet  in  a  length 
of  1.16  miles.  Its  estimated  minimum  in  the  dryest  season  is  260  horse- 
power, that  in  ordinary  dry  seasons  being  much  greater  than  this. 
Between  the  upper  end  of  this  shoal  and  the  mouth  of  Lower  Little 
river  are  small  shoals  having  a  fall  of  3.36  feet  in  a  distance  of  nearly 
one  mile. 

Canoe-laitoing  shoal,  about  two  miles  above  the  mouth  of  Lower 
Little  river,  has  a  fall  of  8.94  feet  in  a  distance  of  1.87  miles.  As  will 
be  seen  from  the  tables  given  below,  the  estimated  minimum  power  of 
this  shoal  on  the  basis  of  the  natural  fall  (8.94  feet)  in  the  dryest  sea- 
son of  the  dryest  year  is  225  hoi*sepower.  During  ordinary  dry  seasons 
the  power  would  be  much  greater  (page  212). 

Great  Falls  shoal,  just  above  the  Canoe-landing  shoal,  has  a  fall 
of  14.82  feet  in  a  distance  of  1.02  miles.     It  has  an  estimated  minimum 
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in  the  dryest  possible  season  of  375  horsepower,  while  in  ordinary  dry 
seasons  the  power  would  be  much  greater  than  this  (page  212). 

These  two  shoals  considered  together  have  a  total  fall  of  23.76  feet 
in  a  distance  of  2.89  miles.  And  it  may  be  possible  to  develop  the 
two  together  into  one  fine  power,  but  the  cost  and  practicability  of  this 
can  be  determined  only  by  careful  surveys. 

HoESEFORD  SHOAL,  3  milcs  uorth  of  Hickory,  and  about  5  miles  below 
the  crossing  of  the  Carolina  and  Northwestern  (narrow  gauge)  railroad, 
as  will  be  seen  from  the  table  below,  has  a  fall  of  31.4  feet  in  2.9 
miles.  The  power  is  being  utilized  here  to  a  limited  extent  only.  On 
the  upper  part  of  the  shoal  a  fall  of  6  feet  is  being  used  to  run  the 
Catawba  lumber-mills,  and  on  the  middle  portion  of  the  shoal  are  located 
the  Horseford  saw-  and  grist-mills  (the  latter  with  three  run  of  stones), 
using  about  25  to  30  horsepower.  This  is  undoubtedly  one  of  the  large- 
est  and  most  available,  as  well  as  most  accessible,  waterpowers  of  the 
upper  Catawba  river.  It  has  been  purchased  recently  by  the  Odell 
Manufacturing  Company,  with  the  reported  purpose  of  developing  the 
entire  power  at  an  early  date.  Transportation  facilities  are  good,  the 
site  being  within  3  miles  of  the  Western  North  Carolina  railroad  at 
Hickory,  and  within  a  shorter  distance  of  the  narrow  gauge  railroad. 
A  track  could  easily  be  built  to  the  shoals  from  either  of  these  roads. 
The  tabfe  below  indicates  the  estimated  minimum  power  at  this  shoal 
in  the  dryest  of  dry  seasons  to  be  700  horsepower,  and  for  ordinary 
dry  seasons  the  figure  would  be  considerably  larger  (page  212).  The 
development  of  this  shoal  is  said  to  be  already  in  progress.  * 

Devil  shoal,  the  lower  end  of  which  is  6  miles  above  the  Horse- 
ford  shoal,  has  a  fall  of  13.78  feet  in  a  distance  of  1.01  miles  and  is 
said  to  be  a  fine  location.  The  estimated  power  of  this  shoal  is  indi- 
cated in  the  general  table  given  below,  where  it  will  be  seen  that  the 
estimated  minimum  in  the  dryest  season  of  the  dryest  year  is  290  horse- 
power, and  much  greater  during  ordinary  dry  seasons  (p.  212).  The 
shoal  is  about  three  miles  from  the  Western  North  Carolina  railroad, 
very  close  to  the  line  of  the  narrow  gauge  railroad,  and  is  about  6  miles 
northwest  of  Hickory.  A  ledge  of  rock  is  reported  to  extend  entirely 
across  the  river,  offering  a  good  site  for  a  dam. 

Rocky  ford  shoal,  at  Morganton,  and  some  20  miles  above  Devil 
shoal,  has  a  natural  fall  of  9.5  feet  in  a  distance  of  about  1500  feet. 
As  shown  in  the  table  below,  the  estimated  minimum  in  the  dryest  pos- 
sible season  is  100  horsepower,  while  during  ordinary  dry  seasons  the 
power  would  be  considerably  greater  than  this  (see  table  on  p.  212). 
This  power  was  formerly  used  for  a  grist-mill  and  there  was  a  dam  2 
feet  high  and  400  feet  long,  giving  a  fall  of  11.5  feet  at  the  mill;  and 
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the  wheel  gave  60  to  70  horsepower  with  water  wasting  all  the  while. 
This  mill  is  not  now  in  use. 

Above  Morganton  the  river  has  a  rapid  fall,  but  it  is  more  uniform 
than  below,  the  shoals  being  more  numerous,  but  not  with  such 
fiudden  descents.  Between  Morganton  and  the  mouth  of  Mill  creek 
there  are  197  shoals,  with  an  average  fall  of  about  2  feet,  the  distance 
being  50  miles.     The  valley  narrows  gradually  to  one-half  mile  in  width. 

In  McDowell  county  the  river  forks  into  Mill  creek,  which  the  West- 
em  North  Carolina  railroad  follows,  and  the  South  Catawba,  on  which 
occur  the  Catawba  falls,  where  the  fall  is  said  to  be  several  hundred 
feet  in  a  short  distance,  but  the  stream  is  too  small  to  be  much  used 
for  power.  Both  of  these  streams,  as  well  as  the  others  which  enter  the 
Catawba  in  McDowell  county,  are  mountain  streams,  with  a  laj^e  fall 
and  often  abrupt  descents  of  many  feet,  forming  cascades  and  cataracts 
of  great  beauty.     Some  of  them  are  used  by  small  grist-  and  saw-mills. 


Summary  of  Power  on  the  Catawba  rivkr.' 


Locality. 


is-gl 


Rainfall. 


Total  fan.,. ^S^rir^.     ^"^'•^ 


Ca- 


Houth  of  South  fork 

:  tawba  (state  Une)  

Boss  falls 

Rock  Island  shoal 

Tuokaseegee  shoal 

Mountain  Island  shoal 

Abernatby's  falls . 

Cowans  ford  shoal 

Beatties  ford  shoal 

Sberrllls  ford  shoal  (Mon- 
bo  shoal) 

Crawford  Island  or  Lonsr  Is- 
land shoal 

Small  shoals 

Buffalo  shoals V 


M's 

.0 
1.2" 


9 

Q 


Sq.m. 


Lookout  shoals 

Lower  Little  river  shoals. 

Oanoe-landlng  shoal 

Great  falls 

Horseford  shoal 

8boal , 

Devil  shoal 

Rocky  ford  shoal 


9 
15 
18 
28 
34 

50 

i  52 

I  M 
55 
63 
64 
65 
71 

'  78 

I  75 
85 

I  89 
91 

102 


1,726 

1,700 

1,670 

1,588 

1,500± 

1,455 

1,420 

1,342 

1,307 
1,200 
1,287 
1,206 
1,200 
1,184 
1,180 
1.125 
l,100±l 

064    , 

935 

918    I 

657 


In, 


In. 


12     14 
12     14 


14 

14 

14 

14 
12  I  14 
12  14  I  10 
12  I  14  I  10 
10 


In 


In. 


12  ,  14 

12  I  14 

12  14 

12  14 

12  '  14 

12  14 


10 
10 
10 
10  I 
10  I 


In. 


Feet, 


8.18 
9.00 
11.22 
46.52 
3.93 
27.25 
18.00 

13.13 

23.44 
3.03 

11.41 
9.71 
8.64 

54.25 
9.70 
8.94 

14.82 

81.43 
8.88 

18.78 
9.50 


a 
a 

i 


1- 

MUesI 


0.90  .  300 

....  ;  260 

1.02  I  425 

3.10  11,600 

0.22  I  130 

4.17  900 

2.38  I  420 

1.88  ,  400 


U 

al 
II 


xs 


I  i  . 

•  s  I 

c-  J  U  O 

>  >,  I 


! 

1.09 

0.66 

0.66 

2.18 

1.32 

3.20  1,450 

1.16   200 

1.87 

1.02 

2.91 

1.8S  •  100 

1.01   290 

0.90 


700 
120 


280 
2:25 


225 
876 
700 


400 
400 
625 

2,000 
170 

1,125 


600 

870 
160 
400 
325 
800 
1,850 
326 
280 
475 
875 
240 


iFeet. 


450    •• 

480  00       9.0 

600  160      ll.O 

2.800  ;  ao      SO 

200  ' ; 

1.800    

600    


600      00 


6.0 
6.5 


1,000 

175  ' 

475  ; 

375  : ■ 

850  

2,100  small  small 

375  

325  

516  •  ••  ••• 

1,000  small  small 

276 


'i: 


100  !     140  I    IfiO 


9.5 


^  For  measurements  of  the  flow  of  the  Catawba  river,  see  pp.  312  to  819. 
"Seepages  54  to  59, 
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The  first  of  the  tributaries  to  the  Catawba  river  in  North  Carolina  is 
the  South  fork,  which  enters  the  main  stream  just  at  the  state  line^ 
and  which  is  noted  for  its  waterpower.  It  is  formed  near  the  center 
of  Catawba  coimty  by  the  union  of  two  forks,  Henrys  and  Jacobs 
forks,  both  of  which  take  their  rise  among  the  South  mountains  in  the 
southern  part  of  Burke  county  and  flow  nearly  east  into  Catawba  county. 
From  the  junction  of  these  forks  the  river  pursues  a  course  a  little  east 
of  south  through  Catawba,  Lincoln  and  Gaston  counties,  entering  the 
Catawba  river  at  the  southeastern  comer  of  the  latter,  after  draining 
a  total  area  of  about  730  square  miles.  Its  tributaries,  with  the  excep- 
tion of  the  forks  above  mentioned,  are  all  small  streams,  not  worthy  of 
special  notice.  The  river  passes  within  a  mile  or  two  of  lincolnton  and 
within  3  or  4  miles  of  Newton,  the  county-seats  of  Lincoln  and  Ca- 
tawba counties,  respectively,  and  the  most  important  towns  in  the 
vicinity.  The  character  of  the  drainage  area  and  of  the  stream,  dif- 
fering in  no  particular  respect  from  that  of  the  Catawba  river  in  its 
course  in  North  Carolina,  need  not  be  described  in  detail.  The  rainfall 
18  about  51  or  52  inches,  distributed  as  follows:  spring,  12;  sununer,  14; 
autumn,  10;  winter,  16. 

The  stream  has  a  rapid  fall  from  Lincolnton  down  to  its  mouth,  as 
will  be  seen  from  the  following  table,  and  in  fact  it  is  nothing  but  a 
series  of  rapids  between  those  points,  with  few  bottoms  subject  to  over- 
flow. From  Lincolnton  up  to  the  junction  of  Henrys  and  Jacobs  forks 
it  is  flat,  with  no  large  powers,  and  with  considerable  areas  subject  to 
overflow. 

Table  of  deolitity  of  the  South  fork  of  the  Catawba. 


Locality. 


Crossing  of  Charlotte  and  Atlanta  Air 
Line  railroad 


Crossingr  of  Charleston  and  Northwest- 
ern (narrow  i^auge)  railroad 


Distance  |  Elevation 
from  above 

mouth.         tide. 


Crossing  of  Carolina  Central  railroad . . 


Miles. 


Feet. 
610 

704 
749 


Distance 
between 
points. 


Miles. 


Difference 

of  level 

between 

points. 


Feet. 


Fall 
between 
points. 


Feet 
per  mile. 


.5.5 
.7.5 


There  are  no  reliable  records  of  gaugings  of  the  river.  The  stream  is 
subject  to  heavy  freshets,  which  overflow  the  banks  in  places,  but  the 
fall  is  so  rapid  below  Lincolnton  that  the  rise  is  not  extreme  in  that 
portion  of  its  course.  The  bed  is  uniformly  rock  at  the  shoals,  over- 
laid between  by  gravel,  clay  and  sand.     The  stream  is  easily  acces- 
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sible  from  three  railroads,  as  the  map  shows.  The  Charleston  and 
Northwestern  (Chester  and  Lenoir)  narrow  gauge  road  has  done  much 
towards  opening  up  the  resources  of  the  region  along  this  stream,  as 
well  as  on  the  Catawba, 

The  more  important  powers  on  this  stream  are  as  follows,  in  their 
order,'  ascending: 

Stowesvillb  cotton-mill,  3  miles  from  Belmont  station  on  the 
Southern  railroad,  is  utilizing  the  first  important  shoal  on  the  rivw, 
being  located  on  its  east  bank,  about  4  miles  above  its  junction  with 
the  Catawba.  The  mill  contains  24  looms,  2250  spindles  and  16  cards, 
operated  by  waterpower  alone.  The  dam  is  6  feet  high  and  200  feet 
long,  built  of  wood  and  stone,  making  a  small  pond,  giving,  through  a 
race  500  to  600  feet  long,  a  fall  of  16  feet  at  the  wheel.  There  is 
ample  power  all  the  time,  but  high  water  causes  occasional  short  inte^ 
ruptions,  the  power  used  being  perhaps  50  to  60  or  more  horsepower 
for  the  factory.  K'ear  the  latter  is  a  grist-mill,  and  on  the  opposite  side 
of  the  river  a  saw-mill  and  cotton-gin,  the  total  power  used  being  per 
haps  100  horsepower.  The  factory  is  run  night  and  day,  and  there  is 
always  waste  of  water.  The  estimate  of  the  power  available  at  this  place 
will  be  found  in  the  table. 

Spetng  shoal,  the  next  power  on  the  river,  is  the  site  of  the 
McAden  mills,  located  six  miles  above  the  Stowesville  mill,  just  above 
the  mouth  of  Duharts  creek  and  IJ  miles  from  Lowell  station  on  the 
Southern  railroad.  The  mill  contains  320  looms  and  15,000  spindles. 
The  dam  is  5  feet  high  and  500  feet  long,  and  the  fall  at  the  factory 
is  23^  feet,  developing  one  of  the  best  powers  on  the  river.  The  fall 
of  the  shoal  is  about  24  feet  in  about  500  feet,  and  in  less  than  half  a 
mile  there  is  said  to  be  pearly  30  feet  fall  over  a  bed  of  solid  rock,  with 
rock  banks,  very  favorable  for  building  on  one  side.  The  dam,  built  in 
1881  at  a  cost  of  $1200,  is  of  timber  bolted  to  the  rock,  extending 
diagonally  across  the  stream,  2^  feet  high  and  600  feet  long,  backing  the 
water  about  three-fourths  of  a  mile.  From  it  a  race  3^0  feet  long,  50 
feet  wide  and  6  feet  deep  leads  to  the  factory,  where  the  fall  is  23^  feet 
The  two  42-inch  Victor  turbines  on  horizontal  shafts  are  said  to  be 
capable  of  developing  750  horsepower  under  a  head  of  24  feet.  Only 
part  of  this  is  necessary  to  operate  the  machinery.  The  table  on  page 
218  gives  an  estimate  of  the  power  available.  This  shoal  is  in  the 
middle  of  the  cotton  belt,  with  good  building  stone  (gneiss)  near-by,  an 
abundance  of  timber,  and  in  very  healthy  country  (Plate  IX). 

Massey  shoal. — This  name  has  been  applied  primarily  to  the  lower 
of  three  shoals  so  close  together  that  they  can  be  developed  as  one 
power.     The  upper  shoal  was  formerly  occupied  by  the  mill  of  the 
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Woodlawn  Manufacturing  Company,  and  the  middle  shoal  by  the  cotton- 
factory  of  the  Lawrence  Manufacturing  Company;  but  all  three  of  the 
shoals  now  belong  to  the  Coats  Company  of  Philadelphia.  They  have  a 
combined  fall  of  25.9  feet  in  a  distance  of  about  a  mile.  The  estimated 
minimum  power  of  the  combined  shoals  in  the  dryest  of  dry  seasons  is 
about  375  horsepower,  while  during  ordinary  dry  seasons  it  would  be 
much  greater  than  this. 

Spencer  Mountain  mill,  3  miles  above  the  Massey  shoal  and  12  or 
13  miles  above  the  mouth  of  the  river,  contains  6000  spindles  and  30 
cards,  and  uses  about  100  horsepower.  The  wooden  frame  dam,  600 
feet  long  and  from  2  to  7  feet  high,  gives  a  fall  of  13  feet  at  the 
wheel  through  a  race  190  feet  long.  The  fall  here  might  be  increased, 
it  is  said,  the  available  fall  being  reported  as  18  feet  or  more.  There 
is  considerable  fall  below  the  mill,  which  is  therefore  never  troubled 
with  high  water.  If  the  full  18  feet  fall  be  developed  the  resulting  power 
should  not  be  less  than  240  horsepower  even  in  the  dryest  possible 
seasons,  and  during  ordinary  seasons  it  should  be  much  greater  (p.  218). 

The  next  is  an  unimproved  site  with  about  4  feet  fall,  where  there  was 
formerly  a  mill. 

Friday  shoal,  a  rock  shoal,  said  to  have  10  feet  fall  and  to  be  a 
good  power.  It  is  below  the  mouth  of  Kettle-shoal  creek  and  about 
one  nule  from  the  Carolina  and  Northwestern  railroad.  This  site  is 
now  occupied  by  the  cotton-mill  of  the  Harden  Manufacturing  Com- 
pany, which  contains  2080  spindles.  The  dam  is  6  feet  high  and  200 
feet  long,  giving  a  fall  of  16  feet  at  the  mill,  which  probably  uses  80 
to  85  horsepower,  available  during  the  dryest  possible  seasons. 

High  shoals,  the  next  power,  is  one  of  the  best  on  the  stream.  It 
is  situated  between  the  mouths  of  Kettle-shoal  creek  and  Hynes  creek, 
7  miles  from  Lincolnton  and  one  from  the  Carolina  and  Northwestern 
railroad,  which  crosses  the  river  just  below  it.  The  stream  here  flows 
over  a  ledge  of  solid  gneiss  rock,  the  fall  being  about  22  feet  in  300; 
but  the  fall  continues  below  for  some  distance,  amounting  to  27  fe€t  in 
600,  and  probably  35  feet  in  a  quarter  of  a  mile  or  more.  The  banks 
are  quite  abrupt  on  both  sides,  but  there  is  still  abundance  of  room  for 
building,  the  best  location  being  on  the  left  bank.  The  whole  flow  of 
the  stream  can  easily  be  controlled,  the  facilities  being  in  all  respects 
most  excellent.  The  width  of  the  stream  is  300  feet  above  the  fall, 
and  probably  greater  below,  the  channel  being  cut  up  with  islands  and 
rocks.  Just  below  the  principal  fall  a  small  creek  enters  the  river 
from  the  left,  which  could  be  utilized  well  as  a  tail-race  if  the  mills 
were  situated  on  the  hill  by  which  it  flows.  This  power  was  used  until 
about  25  or  30  years  ago  to  drive  iron  works  (rolling-mill,  nail-factory 
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and  others),  together  with  a  grist-  and  a  saw-mill  situated  on  the  left 
bank,  and  using  together  180  horsepower.  The  ruins  of  the  old  iron 
works  are  still  to  be  seen,  and  it  is  evident  that  they  utilized  a  fall  of 
between  22  and  27  feet.  The  drainage  area  above  is  518  square  miles. 
Ko  gaugings  have  been  made  which  will  enable  us  to  estimate  the 
power  at  this  fine  site.  In  the  immediate  vicinity  are  some  of  the  most 
noted  deposits  of  iron  ore  in  the  state.  The  Carolina  and  Northwestern 
railroad  will  afford  the  best  facilities  for  transportation.  It  is  expected 
that  this  excellent  power  will  be  fully  developed  in  the  near  future  by 
a  company  of  which  D.  A.  Tompkins  of  Charlotte  is  the  manager. 

Long  shoals  ootton-mill  is  situated  on  the  river  just  below  the 
mouth  of  Indian  creek,  and  four  miles  below  Lincolnton,  on  a  shoal 
of  the  same  name.  The  banks  here  are  favorable  for  building  on  the 
left  side,  where  the  mill  is  situated.  This  mill  contains  5200  spindles, 
and  is  run  by  waterpower  alone.  The  fall  of  water  at  the  mill  is  13 
feet  from  a  race  about  300  feet  long,  and  it  is  expected  to  develop  300 
horsepower  in  ordinary  seasons.  The  dam,  of  wood  and  stone,  is  13 
feet  high  and  300  feet  long. 

Hostellers  shoal,  unimproved,  about  one-half  mile  above  Long 
shoal,  has  a  fall  of  7  feet  over  rock  bottom. 

The  Lincoln  mill,  the  next  power  on  the  river,  is  on  the  site  of  the 
old  paper  mill  owned  by  W.  &  R.  Tiddy,  of  Charlotte,  and  is  located  four 
miles  below  Lincolnton.  The  mill  contains  5000  spindles.  The  dam  is 
of  wood,  about  276  feet  long  and  11  feet  high,  giving  a  fall  of  13  feet 
at  the  wheel,  and  it  is  said  that  150  horsepower  can  be  obtained  here  at 
all  times  and  with  no  waste  in  summer. 

The  Laboratory  cotton-mill,  containing  6500  spindles,  is  located 
on  the  river  half  a  mile  above  the  Lincoln  mill  and  above  the  mouth  of 
Indian  creek  but  below  that  of  Sand  branch.  The  dam  is  of  logs,  6 
feet  high  and  500  feet  long,  giving  a  fall  of  9  feet  at  the  mill.  The 
pond  is  large,  and  the  power  used  can  be  obtained  practically  all  the 
time,  though  there  is  a  reported  loss  of  a  few  days  on  account  of  high 
water. 

The  Lincolnton  shoal,  located  within  the  town  limits,  is  the  next 
power  and  is  the  site  of  Elm  Grove  cotton-mill,  which  was  formerly 
operated  by  waterpower,  obtained  from  a  fall  of  6^  feet  But  the  fac- 
torj'  is  now  operated  entirely  by  steam;  the  waterpower  has  been  aban- 
doned and  the  dam  removed.  Further  up  the  river  and  on  its  higher 
tributary  branches  there  are  a  number  of  excellent  small  powers,  some 
of  which  are  utilized  in  operating  saw-  and  grist-miUs  and  others  are 
undeveloped,  but  no  special  examination  of  these  has  yet  been  made, 
and  they  cannot  be  described  in  the  present  report 
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It  will  be  seen  that  the  south  fork  of  the  Catawba  is  an  excellent 
stream  for  power,  a  large  amount  of  which  is  already  utilized.  The 
climate  in  the  vicinity  is  salubrious,  the  agricultural  and  mineral 
resources  of  the  country  very  large,  and  the  facilities  for  manufacturing 
in  all  respects  hardly  to  be  excelled. 

TRIBUTARIES  OF  CATAWBA  ABOVE  SOUTH   FORK. 
DUTCHMANS  CREEK. 

Dutchmans  creek  enters  the  Catawba  just  above  the  crossing  of  the 
Carolina  Central  railroad,  and  is  the  next  tributary  worth  mentioning 
above  the  South  fork.  It  rises  in  Lincoln  county  and  flows  nearly 
south,  draining  an  area  of  88  square  miles,  and  is  a  small  stream  with 
only  three  powers  worth  referring  to. 

The  Mount  Holly  mill,  located  in  the  town  of  Mount  Holly,  one 
and  one-half  miles  above  the  mouth  of  the  creek,  operates  2500  spin- 
dles. Here  a  fall  of  8  feet  is  used  and  50  horsepower  is  obtained  for 
nine  months  of  the  year  and  35  for  the  remaining  three,  a  steam-engine 
being  used  for  that  time.  There  is  no  water  waste  in  dry  summers,  the 
mill  being  run  all  the  time.  There  is  some  trouble  from  high  water, 
the  stream  being  subject  to  heavy  freshets,  and  there  not  being  many  low 
grounds  subject  to  overflow. 

The  NiMs  Manufacturing  Company's  cotton-mill,  also  on  Dutch- 
mans  creek,  contains  3000  spindles,  operated  by  waterpower,  supple- 
mented by  steam-power  for  two  or  three  months  of  the  year.  The  dam 
is  8  feet  high  and  110  feet  long,  the  fall  of  water  10  feet,  and  the 
power  said  to  be  developed  80  to  100  horsepower  for  nine  months. 

The  Mariposa  cotton-mill,  containing  1664  spindles,  is  located  on 
Leipers  creek,  known  as  Dutchmans  creek  in  the  lower  part  of  its  course, 
about  12  miles  above  its  junction  with  the  Catawba  river. 

The  dam  is  of  wood,  10  feet  high  and  100  feet  long,  and  backs  the 
water  about  one-fourth  of  a  mile  with  an  average  width  of  60  feet. 
There  is  no  race,  the  fall  at  the  wheel  is  14  feet,  and  about  60  horse- 
power is  developed  by  a  40-inch  Leffel  turbine.  It  is  stated  that  about 
100  horsepower  is  required  to  operate  the  machinery,  and  the  deflciency, 
amounting  to  about  one-half  the  required  power,  is  supplied  by  an 
auxiliary  steam-plant  of  75  horsepower  capacity. 

Above  this  factory  there  are  only  small  saw-  and  grist-mills,  the  latter 
generally  with  two  pair  of  stones.  There  are  some  sites  not  occupied 
where  there  have  formerly  been  mills.  The  dams  are  all  of  wood, 
founded  on  rock  and  sometimes  bolted  down.  The  stream  averages  100 
feet  in  width  for  some  distance  from  its  mouth.  On  one  of  the  tribu- 
taries a  small  amount  of  power  was  formerly  used  for  an  iron-furnace. 
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CROWDERS  CREEK. 

The  Cbowders  ^Iountain  mill  is  located  on  Crowders  creek  about 
four  miles  from  Kings  ^Mountain  station  on  the  Southern  railroad.  The 
mill  contains  2600  spindles  and  63  looms,  operated  by  water  and  steam- 
power  combined,  about  75  horsepower  being  developed  by  the  water- 
power  plant.  The  race  is  a  steel  pipe  125  feet  long  and  2  feet  in 
diameter,  giving  a  fall  of  50  feet  at  the  mill  and  developing  75  horse- 
power by  means  of  a  17i-inch  Leffel  turbine. 

It  is  stated  that  about  100  horsepower  is  necessary  to  run  the  ma- 
chinery, and  there  is  an  auxiliary  steam-plant  of  125  horsepower  capacity. 

THE  MINOR  TRIBUTARY  STREAMS. 

There  are  no  important  tributaries  to  the  Catawba  in  Mecklenburg, 
Catawba  and  Iredell  counties,  the  small  streams  which  join  the  river 
being  only  capable  of  running  small  grist-mills  with  one  or  two  run  of 
stones,  for  which  purpose  they  are  in  some  cases  used.  The  tributaries 
from  the  north  are  more  important  The  three  Little  rivers — ^Upper, 
Middle  and  Lower — have  considerable  fall,  but  are  very  small  streams, 
draining  respectively  31,  33  and  53  square  miles. 

On  Lower  Little  river  there  are  several  grist-mills  and  one  small 
cotton-factory  three  miles  south  of  Taylorsville — the  Taylobsvillb 
COTTON-MILL,  with  700  spiudlcs  and  24  looms,  operated  by  thirty  horse- 
power, available  all  the  year  round.  The  dam  is  nine  feet  high  and  200 
feet  long  and  the  fall  13  feet.  There  is  also  a  saw-mill  operated  by  this 
power  along  with  the  cotton-mill.  Both  above  and  below  this  cotton- 
factoiy  are  a  number  of  small  powers  on  which  are  located  grist-  and 
saw-mills.  On  both  Middle  and  Upper  Little  rivers  are  a  number  of 
grist-  and  saw-mills  and  undeveloped  sites  suitable  for  the  same.  These 
streams  can  probably  hardly  be  depended  on  for  one  horsepower  per 
foot-fall  in  dry  seasons  at  their  mouths. 

The  tributaries  of  the  Catawba  in  Caldwell  and  Burke  counties  are 
larger  and  of  more  importance.  Gunpowder  creek,  from  the  north, 
drains  an  area  of  about  31  square  miles,  and  is  about  like  the  Little  river 
in  general  character.  Near  Granite  falls  on  this  creek  is  located  the 
Granite  Falls  Manufacturing  Company's  cotton-mill,  containing 
3352  spindles  and  4  sets  of  cards  operated  by  waterpower  only.  The 
dam  is  14  feet  high,  120  long  and  the  fall  is  48  feet.  Lower  creek,  from 
the  same  side,  drains  117  square  miles,  but  is  said  to  have  little  power. 
Johns  river,  also  from  the  north,  drains  120  square  miles,  but  is  not 
used  except  for  one  or  more  saw-mills,  although  it  has  considerable  fall. 
Upper  creelc  (north  side)  drains  45  square  miles,  and  has  a  cascade  about 
IS  miles  from  Morganton,  but  of  little  value  for  power. 
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LINVILLE  RIVER. 

This  river  rises  on  the  west  slopes  of  the  Grandfather  mountain,  in 
Mitchell  county,  and  flows  in  a  general  southerly  course  near  the  west 
border  of  Burke  county  until  near  the  southern  end  of  Linville  moun- 
tains, where  it  bends  southeastward  and  joins  the  Catawba  river.  It 
has  a  drainage  area  of  90  square  miles,  nearly  all  of  which  is  forest- 
covered  and  much  of  its  upper  part  with  gentle  slopes  and  occasional 
swampy  areas.  The  rainfall  of  the  Linville  area  is  given  by  the  United 
States  Weather  Bureau  as  46  inches  for  the  year,  distributed  as  follows: 
spring,  11.50;  summer,  13.50;  autumn,  9.50;  winter,  11.50.  The  drain- 
age area  of  the  river  and  tributaries  above  the  falls  is  50  square  miles, 
while  that  of  the  entire  river  above  its  mouth  is  90  square  miles.  Plate 
X,  shows  the  general  appearance  of  Linville  falls  (fig.  b)  and  of  the 
rapids  just  above  the  falls  (fig.  a). 

At  the  falls,  which  are  located  about  3  miles  below  the  Mitchell- 
Burke  county-line  crossing  and  about  22  miles  above  the  mouth  of  the 
river,  there  is  one  perpendicular  plunge  of  40  feet,  and  the  cascades 
just  above  give  an  additional  fall  of  50  feet  more  in  a  horizontal 
distance  of  less  than  100  feet,  thus  giving  an  available  natural  fall  of 
90  feet  The  power  at  this  place,  owned  by  the  Linville  Improvement 
^  Company  of  Morganton,  is  entirely  undeveloped. 

There  are  also  several  lesser  imdeveloped  powers  on  the  stream  within 
a  few  miles  above  the  falls,  owned  by  the  Linville  Lnprovement  Com- 
pany; one  on  the  Linville  river  at  the  mouth  of  Grandmother  creek,  Ij 
miles  southwest  of  the  town  of  Linville,  Mitchell  county,  where  there 
is  a  fall  of  20  feet,  and  the  other  on  the  Grandmother  creek  near  its 
mouth  with  a  fall  of  40  feet.  The  fall  at  both  of  these  can  be  consid- 
erably increased  by  the  construction  of  inexpensive  dams.  For  a  dis- 
tance of  10  mUes  in  a  general  southerly  course  below  the  falls  the  river 
runs  as  a  series  of  cascades  through  a  narrow  gorge  from  500  to  nearly 
2000  feet  deep,  the  walls  being  cut  down  through  the  bedded  Linville 
quartzites  above  and  granite  below.  At  a  point  about  8  miles  above  its 
mouth  the  river  emerges  from  this  gorge  and  runs  with  a  less  rapid  but 
by  no  means  sluggish  current  across  the  open  but  hilly  border  of  the 
plateau  to  its  junction  with  the  Catawba.  In  the  first  six  miles  below 
the  " falls "  the  descent  averages  208  feet*  to  the  mile;  and  from  just 
above  the  "  falls  "  to  the  lower  end  of  the  gorge,  in  a  distance  of  10 
miles,  there  is  a  fall  of  about  1800  feet  Along  the  upper  6  or  7  miles 
of  this  distance  the  bottom  of  the  goi^e  is  scarcely  wider  than  the 
stream,  and  the  large  boulders  of  quartzite  and  granite  rock  at  the  foot 

*  As  determined  by  a  line  of  levels  run  by  W.  B.  Walton,  C.  E.,  of  Morganton. 
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of  the  bluffs  and  in  the  bed  of  the  stream  render  travelling,  even  on 
foot,  exceedingly  difficult.  And  the  location  of  factories  of  any  kind 
in  this  part  of  the  gorge  would  be  entirely  impracticable. 

One  way  in  which  this  power  might  be  developed  is  that  of  conveying 
the  water  of  the  river  from  just  above  the  "  falls  *'  down  the  gorge 
in  iron  pipes  to  the  lower  end  of  the  gorge  or  to  a  point  2  miles  above, 
where  a  power-house  could  be  located  and  the  power  conveyed  to  Mor- 
ganton  (about  15  miles)  or  some  still  nearer  point  on  the  Southern  rail- 
road (about  7  miles).  A  large  power  can  be  developed  in  this  way,  but 
sufficient  gaugings  have  not  yet  been  made  to  serve  as  a  basis  for  esti- 
mating accurately  its  amount. 

On  the  lower  part  of  the  river  are  several  good  powers.  The  lowest 
is  one  mile  above  the  mouth  of  the-  river,  where  Major  J.  W.  Wilson 
has  a  saw-  and  grist-mill  with  a  fall  of  9  feet;  the  next,  3  miles  above 
this  (following  the  stream),  is  Dickson's  grist-mill  with  a  fall  of  9  feet; 
and  4  miles  above  this  latter  is  an  undeveloped  power  with  a  natural, 
fall  of  8  feet 

For  tabular  statement  of  utilized  power  on  the  Catawba  river  and 
tributaries  see  page 
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Table  of  Utilized  Power  on  the  Catawba  river  and  Tribctaribs. 
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CHAPTER  X. 
THE  BEOAD  KIVER  AND  TRIBUTAEIES/ 

THE  BBOAD  BIVEB. 

Broad  river  takes  its  rise  on  the  eastern  slope  of  the  Blue  Ridge  near 
Ilickory-nut  gap,  in  the  southwestern  part  of  McDowell  county  and  the 
northeastern  part  of  Henderson  county,  and  after  flowing  in  a  general 
southeasterly  direction  through  Rutherford  county  and  a  comer  of 
Cleveland  county,  North  Carolina,  and  in  South  Carolina  between  the 
counties  of  York,  Chester,  Fairfield,  and  Richland  on  its  left,  and  Spar- 
tanburgh.  Union,  Newberry  and  Lexington  on  its  right,  it  unites  with 
the  Saluda  river  just  above  Columbia  to  form  the  Congaree.  The 
length  from  source  to  mouth,  measured  in  a  straight  line,  is  about  128 
miles,  but  following  the  course  of  the  river  it  is  very  considerably  greater. 
There  are  no  towns  of  any  importance  on  the  river. 

The  Broad  river  drains  a  total  area  of  about  4950  square  miles,  of 
which  3550  are  in  South  Carolina  and  1400  in  North  Carolina.  The 
important  tributaries  in  North  Carolina  are  as  follows:  Green  river, 
draining  an  area  of  198  square  miles,  First  Broad  river,  draining  802 
squares  miles,  and  Second  Broad  river,  draining  193  square  miles. 

The  general  character  of  the  drainage  basin  resembles  that  of  the 
Catawba.  It  lies  entirely  above  the  fall  line;  is  well  wooded,  especially 
m  the  upper  parts;  is  without  lakes;  affords  fine  building  stone  in  numer- 
ous localities;  and  as  regards  soil,  etc.,  is  similar  to  the  valley  of  the 
Catawba,  the  soil  being  generally  loose  and  porous.  The  rainfall  for  the 
general  basin  of  the  Broad  river  may  be  given  as  follows:  spring,  13; 
summer,  13;  autumn,  10;  winter,  15;  total  51  inches.  But  the  rainfall 
in  the  region  about  the  headwaters  of  the  river  is  probably  much  greater 
than  this.  The  bed  of  the  stream  is  rock,  clay,  sand,  or  gravel,  and  in 
many  places  the  banks  are  low  and  the  bottoms  overflowed  in  freshets. 
The  declivity  of  the  stream  is  less  than  that  of  the  Catawba,  but  still 
very  large. 

Daily  readings  of  water  height  and  occasional  measurements  of  dis- 
charge have  been  made  on  this  river  since  1896,  and  these  measurements 
and  the  computations  from  them  will  be  found  on  pp.  319-322. 

1  By  Geo.  F.  Swain  and  J.  A.  Holmes. 
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The  waterpowers  on  the  Broad  river  may  be  described  briefly  as 
follows,  starting  at  the  South  Carolina  state  line  and  proceeding  up  the 
stream: 

Hopper  and  Blanton  shoals. — One-fourth  of  a  mile  above  the 
mouth  of  the  First  Broad  river  is  the  beginning  of  a  horseshoe  bend, 
convex  eastward,  which  is  two  miles  around,  while  the  distance  across 
the  neck  is  about  five  hundred  yards.  This  neck  is  low,  rising  about 
fifty  feet  above  the  river  at  the  highest  point.  The  fall  has  been 
roughly  measured  across  this  neck  and  is  said  to  be  between  25  and  30 
feet.  On  the  lower  side  of  this  neck  there  is  a  short  shoal  in  the  river 
known  as  the  Hopper  shoal;  on  its  upper  side  there  is  a  similar  one 
known  as  Blanton  shoal.     There  has  been  some  talk  of  developing  a 
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FIQ.  15.— PLAN  OF  PROPOSED  DEVELOPMENT  AT  DURHAM  SHOAL  MAIN  BROAD  RIVER.* 

power  here  by  cutting  a  canal  and  tunnel  across  the  neck  of  this  bend 
and  turning  the  river  through  this  canal  by  constructing  a  dam  across 
it  just  above  Blanton  shoal. 

Palmer  shoal. — This  power  is  located  just  above  Cleveland  and 
Jollys  ferry,  one  mile  above  the  mouth  of  the  first  Broad  river  and 
about  7  miles  below  the  mouth  of  Second  Broad  river.  There  is  here 
a  natural  fall  of  about  18  feet  in  a  distance  of  half  a  mile.     The  rock 


*Fijr8.  15  and  16  are  reproduced  througrh  the  courtesy  of  Messrs,  I^adshaw  JkLadshaw,  of 
Spartanburgr.  S.  C,  who  planned  the  constructions  and  furnished  drawing  from  which  these 
plates  were  made. 
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cliff  is  almost  continuous  on  the  north  side,  but  the  south  bank  is  lower 
and  nearly  level. 

A  grist-,  saw-mill  and  cotton-gin  were  once  operated  here  by  throw- 
ing up  a  loose  rock  wing-dam  about  4i  feet  high  and  600  feet  long, 
extending  out  about  two-thirds  the  width  of  the  river  and  turning  the 
current  to  the  south  side.     There  was  a  fall  of  Y  feet  at  the  wheel. 

Durham  shoal  is  located  one  mile  above  Palmers  shoal,  6  miles 
below  the  mouth  of  Second  Broad  river,  and  6-or  Y  miles  from  the 
nearest  points  on  the  Seaboard  Air  Line  and  Ohio  River  and  Charleston 
railroads.  The  shoal  is  formed  by  a  ledge  of  granite  about  100  yards 
wide  extending  directly  across  the  river,  which  would  form  an  excel- 
lent foundation  for  a  dam.  The  natural  fall  here  is  7  feet,  with  favor- 
able conditions  for  the  erection  of  a  dam  that  will  increase  the  fall  to 
12  feet.  The  north  (left)  bank  affords  good  building  sites  just  below 
the  shoal.  Arrangements  for  the  development  of  this  excellent  power 
are  now  being  made  by  J.  Y.  Hamrick  and  others  (see  fig.  15,  p.  224, 
for  proposed  development). 

The  next  shoal  on  the  river  is  an  unimproved  site  located  below  Island 
ford  and  not  far  above  the  mouth  of  the  Second  Broad.  There  is  said 
to  be  a  small  shoal  about  one  mile  below  the  same  ford.  In  the  ab- 
sence of  definite  information  concerning  these  two  shoals  they  can  only 
be  mentioned  here. 

One  and  one-half  miles  below  Poor's  ford,  and  two  and  one-half  to 
three  miles  above  Big  Island  ford,  there  is  a  shoal  said  to  have  a  natural 
fall  of  three  feet  and  good  rock  beds  and  banks,  upon  which  a  dam 
could  be  safely  and  easily  constnicted. 

At  Bio  Island  ford  shoal  the  larger  part  of  the  water  flows  on  the 
south  side  of  the  river,  and  between  the  south  bank  and  the  island,  in 
a  distance  of  about  one-fourth  of  a  mile,  there  is  said  to  be  a  fall  of 
8  feet;  but  this  estimate  is  probably  too  high. 

Above  Island  ford  there  are  a  number  of  small  shoals  on  Broad  river 
and  its  upper  tributaries  in  Rutherford  county,  some  of  which  could  be 
developed  into  valuable  powers,  and  a  few  of  which  are  already  utilized 
for  grist-  and  saw-mills.  The  shoals  on  Green  river  will  be  described 
briefly  below  (p.  229). 

TRIBUTARIES  OF  BBOAD  RIVER. 
FIRST  BROAD  RIVER. 

This  tributary  stream  rises  in  the  extreme  northern  part  of  Cleveland 
and  Rutherford  counties  and  flows  south  through  the  former,  passing 
within  three  miles  of  Shelby,  joining  the  main  Broad  river  a  mile  below 
Palmers  shoal.  It  drains  an  area  of  302  square  miles,  and  its  fall  from 
the  crossing  of  the  railroad  from  Shelby  to  Eutherfordton  to  the  mouth 

15 
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of  the  stream  is  about  105  feet,  or  at  the  rate  of  8  feet  or  more  per  mUe. 
The  width  of  the  stream  at  its  mouth  is  about  90  feet. 

The  powers  on  the  river  in  their  order  ascending  arq  as  follows: 

The  Buck  ^MoSwain  shoal  is  located  about  one  mile  above  the 
mouth  of  the  river.  It  has  a  natural  fall  of  about  three  feet  in  150 
yards.  The  bottom  is  of  solid  rock  with  a  sandy  bank  on  the  east  side 
and  a  clay  hillside  on  the  west 

Stioes  shoal,  located,  following  the  course  of  the  stream,  about  four 
miles  above  its  mouth,  two  and  one-half  miles  from  Pattersons,  on  the 
Ohio  river  and  Charleston  railroad,  and  about  five  miles  southwest  of 
Shelby,  on  the  Seaboard  Air  Line  railroad.  The  shoal  has  a  natural 
fall  of  6  feet  in  a  distance  of  80  feet  over  a  smooth  rock  bed,  and  below 
this  there  is  said  to  be  about  the  same  amount  of  fall  in  a  distance  of 
200  yards.  By  the  construction  of  a  dam  across  this  upper  part  of  the 
shoal  this  fall  could  be  still  further  increased.  This  excellent  power 
belongs  to  Dr.  R.  H.  Morrison  of  Shelby.  It  was  used  during  the  Gvil 
War  to  operate  iron-works,  and  had  been  utilized  for  half  a  century 
before  that  time  for  grist-  and  saw-mills,  but  it  is  now  unoccupied. 

At  Chambers'  obist-mill  there  is  a  fall  of  9  feet,  though  it  is  said 
that  a  fall  of  15  feet  is  available.  The  stream  is  almost  as  large  here 
as  at  its  mouth,  and  will  probably  afford  7  to  8  horsepower  per  foot 
fall  in  the  low  season  of  dry  years,  9  or  10  in  the  low  season  of  ordinary 
years,  and  20  to  25  for  nine  months. 

The  Laubaglbn  cotton-mill  occupies  the  next  site  on  the  river  above 
Chambers,  situated  three  miles  southwest  of  Shelby.  This  factory  con- 
tains 3500  spindles  and  is  operated  entirely  by  waterpower.  The  dam 
here  is  14  feet  high  and  200  feet  long,  and  the  fall  of  water  at  the  mill 
is  15  feet. 

Double  shoals,  the  next  important  power  on  the  riverj  is  the  site 
of  the  cotton-factory  known  as  the  Double  Shoals  mill,  about  eight 
miles  north  of  Shelby  and  four  miles  east  of  the  Cleveland  mills.  It 
contains  2000  spindles,  run  by  waterpower  alone.  The  dam  is  9  feet 
high,  and  the  water  falls  15  feet  at  the  mill. 

Cleveland  cotton-mill  No.  2  is  also  located  on  this  stream  ten  miles 
north  of  Shelby  and  three  miles  north  of  the  Double  shoals.  This  mill 
contains  4224  spindles,  run  by  waterpower  exclusively.  The  dam  is 
12  feet  high  and  270  feet  long,  and  the  fall  of  water  at  the  factory 
is  18  feet. 

There  are  other  small  shoals  on  this  stream  both  above  and  below  the 
Cleveland  mill,  some  of  which  are  utilized  for  grist-  and  saw-miUs,  and 
some  of  them  undeveloped,  but  the  information  concerning  them  is  too 
incomplete  to  permit  of  their  being  described  in  this  report. 

On  Knob  creek,   a   small  tributary  stream  which   joins  the  First 
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Broad  at  Gardners  ford,  is  situated  the  Clbvkland  mill  No.  1,  twelve 
miles  north  of  Shelby.  This  factory  contains  884  spindles,  run  by 
waterpower  alone.  The  dam  is  15  feet  high  and  90  feet  long,  and  the 
fall  is  15  feet  at  the  factory. 

SECOND  BROAD  RIVER. 

This  river,  the  next  tributary  worth  mentioning,  rises  in  McDowell 
county  and  flows  through  Rutherford  county,  draining  an  area  of  193 
square  miles.  It  is  a  small  stream,  only  thirty  feet  wide  at  its  mouth, 
but  there  are  several  good  powers  on  it. 

Tumbling  shoal,  three  miles  from  the  mouth  of  the  river,  not  now 
used,  is  the  first,  and  a  fall  of  11  feet  with  good  building  sites  can  be 
obtained  here  in  a  distance  of  200  yards.  The  stream  would  probably 
give  from  4^  to  5  horsepower  per  foot  of  fall  in  the  low  seasons  of 
dry  years. 

High  shoals,  on  which  is  located  Henrietta  cotfon-mill  No.  1,  is 
four  miles  above  the  mouth  of  the  river  and  one  mile  above  Tumbling 
shoal.  A  branch  road  connects  the  place  with  the  Seaboard  Air  Line 
railroad.  The  original  shoal  had  a  fall  of  23.4  feet,  over  a  narrow 
and  rough  rocky  bed,  in  a  distance  of  about  800  feet.  The  dam  is  of 
stone  curving  slightly  up  the  stream,  200  feet  long  and  17.8  feet  high, 
with  an  18-foot  base  and  6-foot  coping.  It  is  pierced  by  3  waste  ways 
having  an  area  of  12  square  feet  each,  for  use  in  drawing  down  the 
pond.  The  race  is  300  feet  long,  35  feet  wide  and  10  feet  deep,  giving 
a  fall  of  water  at  the  wheel  of  32  feet,  the  power  being  generated  by 
two  pairs  of  twin  turbines  mounted  on  horizontal  shafts  and  located  16 
feet  and  3  inches  above  the  surface  of  the  water  in  the  tail-race.  The 
mill  contains  25,000  spindles  and  1000  looms  (see  fig.  16,  p.  228,  for  the 
plan  of  development  of  this  mill). 

The  Henbebtta  mill  No.  2  occupies  the  next  two  shoals  about  two 
miles  above  High  shoal,  formerly  known  as  Harrell's  and  the  old 
"  Burnt  factory  "  shoals,  the  two  having  a  total  natural  fall  of  18  feet. 
The  dam  is  placed  on  the  lower  shoal  and  backs  water  over  the  upper, 
giving  a  fall  of  29  feet  at  the  wheel.  This  mill  contains  35,000  spin- 
dles and  1000  looms.  A  branch  of  the  Seaboard  Air  Line  railroad  is 
now  in  operation  to  these  mills. 

Settlemeybrs  shoal  is  situated  on  Sandy  Run  creek  about  one  mile 
above  its  confluence  with  the  main  Broad  river  and  about  six  miles 
from  Mooresboro  on  the  Ohio  Eiver  and  Charleston  and  Seaboard  Air 
Line  railroads.  The  shoal  is  utilized  to  operate  a  grist-  and  saw-mill 
and  a  cotton-gin,  using  about  80  horsepower  under  a  head  of  ten  feet, 
which  can  be  increased  to  25  feet. 
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On  other  smaller  or  less  important  streams  tributary  to  Broad  river 
in  this  region  are  numerous  small  powers,  some  of  which  are  utilized 
in  running  gristr  and  saw-mills,  while  many  of  them  are  as  yet  unde- 
veloped. 

On  Buffalo  creeky  near  where  it  is  crossed  by  the  Seaboard  Air  line 
railroad,  is  a  small  cotton-mill  containing  3000  spindles,  operated  by 
the  Buffalo  Manufacturing  Company,  run  entirely  by  waterpower.  The 
dam  here  is  90  feet  long  and  25  feet  high,  giving  a  fall  of  30  feet  at  the 
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FIG.  16.— PLAN  OF  DEVELOPMENT  AT  HENRIETTA  COTTON-MILL,  No.  1,  SECOND  BROAD  RIVER.* 

wheel.  Below  this  and  just  above  the  mouth  of  Muddy  Fork  creek,  at 
the  site  of  the  old  Eoberts  forge,  there  is  said  to  be  a  good  power.  About 
two  miles  above  the  cotton-mill  is  Beams  grist-mill,  and  three  or  four 
miles  above  this  latter  is  Bakers  grist-mill. 

On  Muddy  fork,  a  tributary  to  Buffalo  creek,  there  is  said  to  be, 
about  one  mile  above  its  mouth,  an  excellent  small  unimproved  shoal, 
with  a  fall  of  20  feet  in  200  yards,  which  is  said  to  be  capable  of  yield- 
ing 40  horsepower  in  dry  weather. 


*  Figs.  15  and  16  are  reproduced  througrh  the  courtesy  of  Messrs.  Ladstaaw  &  Ladsbaw, 
Spartanburg,  S.  C,  who  planned  the  constructions  and  furnished  the  drawings  from  wbicb 
the  plates  were  made. 
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QuiNK  &  Habbbix's  mills. — ^Wheat,  com  and  saw,  2  turbine-wheels, 
32  inches  and  28^  inches,  and  a  Willis  wheel  for  the  saw-mill.  8  feet 
fall  at  the  wheel,  practically  all  given  by  the  dam  which  is  8  feet  high. 
Water  flows  off  rapidly  below  and  about  one-fourth  of  the  water  used 
when  all  the  nwichinery  is  running.  This  site  is  two  miles  over  good 
road  from  the  Ohio  Eiver  and  Charleston  railroad. 

All  these  streams  have,  as  a  rule,  rock  beds  and  good  banks,  which 
are  not  often  overflowed.  They  are  subject  to  heavy  but  short  fresheta. 
The  typical  soil  in  all  this  region  is  a  loam  which  becomes  more  clayey 
in  some  regions  and  sandy  in  others. 

QREEN    RIVER. 

This,  the  last  important  tributary  of  the  Broad,  rises  in  the  moun- 
tains of  Henderson  county  and  flows  a  little  north  of  east  into  Polk 
county  where  it  joins  the  Broad.  The  upper  part  of  its  course  lies  in  a 
narrow  valley  not  over  four  miles  wide  for  over  twenty  miles  from  the 
head  of  the  stream,  but  below  that  the  basin  is  much  wider.  The  length 
of  the  stream  in  a  straight  line  is  about  36  miles  and  its  drainage  area 
about  188  square  miles.  It  has  a  rapid  fall  and  considerable  power  is 
available,  though  very  little  is  used.  The  bed  is  rock,  and  the  banks  in 
some  places  are  nearly  vertical  rock  walls,  while  at  others  the  river  winds 
through  fertile  bottoms,  subject  at  times  though  not  extensively,  to 
overflow,  these  bottoms  being  specially  frequent  in  the  lower  part  of  its 
course.  The  stream  is  very  inaccessible,  being  crossed  by  only  one 
railroad — the  Spartanburg  and  Asheville  branch  of  the  Southern  rail- 
road— about  16  miles  from  its  head.  The  stream  is  about  100  feet 
wide  where  this  road  crosses  it  and  about  90  feet  wide  at  its  mouth. 

We  obtained  information  regarding  three  shoals  on  the  stream,  but 
on  account  of  the  rapid  fall  there  are  doubtless  other  places  where  power 
could  be  obtained  by  damming.  The  lowest  point  is  at  Green  river 
cove,  where  there  is  said  to  be  considerable  fall,  not  utilized,  extending 
over  some  distance.  This  site  is  at  a  considerable  distance  from  the 
railroad  and  not  easily  accessible. 

Pot  shoal,  which  is  just  below  the  railroad  crossing,  is  much  more 
favorable,  and  is  said  to  be  the  best  site  on  the  river.  The  falls  com- 
mence just  below  the  bridge  and  continue  for  some  distance,  the  fall 
being  very  rapid,  with  now  and  then  an  abrupt  fall  of  several  feet.  The 
bed  is  solid  rock  and  the  banks  generally  high,  but  near  the  foot  of  the 
shoal  there  is  said  to  be  a  very  good  building  site.  The  shoal  takes  its 
name  from  a  number  of  curiously  worn-out  holes  ("  pot-holes  ")  in  the 
rock  forming  the  bed  of  the  stream,  almost  circular,  and  looking  very 
much  like  large  auger  holos. 

About  two  miles  above  the  railroad  and,  therefore,  not  so  favorably 
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located  as  Pot  shoal,  are  the  "  falub  '*  of  the  Gbbbn  biver,  the  third  site 
above  referred  to  and  the  only  one  visited  in  person.  The  fall  is  about 
80  feet  in  100,  preceded  by  rapids  for  three-eighths  of  a  mile,  making 
a  total  fall  of  45  feet  The  banks  are  rocky  and  very  steep,  so  that 
building  facilities  are  not  good.  The  drainage  area  above  this  place  is 
67  square  miles  and  the  available  power  would  perhaps  be  one  horse- 
power per  foot  in  the  low  season  of  dry  years  and  SJ  to  4  horsepower 
per  foot  for  nine  months  of  an  ordinary  year.  The  building  facilities 
at  Pot  shoal  are  said  to  be  much  better  than  at  these  "  falls,"  and  the 
fall  is  also  said  to  be  greater. 

The  First  and  Second  Broad  rivers  are  crossed  by  the  Carolina  Central 
and  the  Ohio  river  and  Charleston  railroads,  and  the  Green  river  is 
crossed  by  the  Asheville  and  Spartanburg  division  of  the  Southern. 
Still,  some  of  the  best  waterpowers  in  this  r^on  are  so  far  from  rail- 
road transportation  that  it  wiU  be  cheaper  in  their  development  to  trans- 
mit by  electricity  the  power  for  factories  located  on  railway  lines. 

Tablk  or  Utilized  Power  on  Droad  River  and  Tribittaries. 
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WATERPOWER  IN  NORTH  CAROLINA  WEST  OF  THE 

BLUE  RIDGE. 

By  E.  W.  Myers  and  J.  V.  Lewis. 


INTRODUCTION. 

No  thorough  examination  of  the  streams  and  waterpowers  of  the 
mountain  counties  in  North  Carolina  has  yet  been  made.  It  is  ex- 
pected, however,  that  this  will  be  undertaken  by  the  State  Geological 
Survey  during  the  next  two  years.  The  data  upon  which  the  present 
paper  is  based  were  collected  by  the  writers  during  a  reconnoissance  trip 
through  the  mountain  counties  in  the  summer  of  1895.  They  visited 
all  of  the  larger  streams  and  many  of  their  tributaries,  and  made  numer- 
ous inquiries  concerning  the  more  inaccessible  localities  which  were 
not  examined  by  them  in  person.  The  estimates  as  to  the  fall  in  the 
various  streams  were  based. on  measurements  made  with  a  Locke  hand- 
level  for  short  distances  and  an  aneroid  barometer  for  greater  distances. 
All  the  gaugings  of  the  streams  north  of  Asheville  were  made  by  the 
use  of  a  series  of  surface  floats,  §  or  J  of  the  surface  velocity  being 
taken  as  the  mean  velocity  of  the  current,  according  to  the  stage  of  the 
water,  whether  high  or  low. 

Of  course  it  is  not  claimed  that  examinations  of  waterpowers  made  in 
this  way  are  sufficiently  accurate  to  serve  as  a  basis  for  the  investment 
of  capital  and  development  work.  It  was  simply  the  best  that  could 
be  done  at  the  time,  and  the  results  obtained  serve  to  indicate  only 
where  further  investigations  are  needed,  and  where  waterpower  devel- 
opments in  future  would  probably  prove  successful.  A  series  of  more 
elaborate  and  accurate  observations  is  already  under  way,  and  during 
the  past  three  years  on  the  French  Broad  at  Asheville,  tiie  Tuckaseegee 
at  Bryson  City,  the  Little  Tennessee  at  Judson  (a  few  miles  above  its 
junction  with  the  Tuckaseegee)  and  on  the  Hiwassee  at  Murphy,  daily 
measurements  have  been  made  and  recorded  showing  height  of  water 
in  these  streams  at  these  stations,  and  occasional  gaugings  have  been 
made  to  determine  the  velocity  and  volume  of  water  in  the  streams  at 
high,  low  and  intermediate  stages  of  water. 
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It  is  expected  that  this  work  will  be  continued  for  a  number  of  years, 
and  that  additional  gauginga  will  also  be  made  at  intervals  on  the 
streams  to  the  north  of  Asheville  in  order  that  we  may  be  able  to  deter- 
mine with  greater  accuracy  the  volume  of  flow  and  the  horsepower  per 
foot  fall  at  different  points  on  these  streams.  It  is  also  expected  that 
during  the  next  two  years  lines  of  levels  will  be  run  up  all  the  lai^er 
of  these  streams  in  order  that  the  fall  at  different  points  may  be  deter- 
mined more  accurately,  and  in  this  connection  special  exanunation  will 
be  made  of  the  various  shoals  in  these  rivers,  not  only  as  to  the  fall  of 
water  within  a  given  distance,  but  also  as  to  the  conditions,  favorable 
or  unfavorable,  for  the  construction  of  dams  and  canals  or  races.  Addi- 
tional rainfall  stations  are  also  being  established  at  different  places  in 
this  mountain  region  in  order  that  we  may  determine  more  accurately 
the  amount  of  rainfall  in  each  of  the  several  river  basins,  but  all  of  this 
work  requires  time,  and  its  value  increases  almost  in  proportion  to  the 
number  of  years  during  which  the  records  of  river  gaugings  and  rain- 
fall extend. 

Meanwhile,  this  preliminary  statement  is  published  in  hope  that 
information  given  may  be  of  service  in  aiding  intelligent  development 
of  additional  powers  and  manufacturing  enterprises  in  this  region.  A 
brief  description  of  the  geologic  conditions  influencing  waterpower 
development  in  this  mountain  region  is  to  be  foimd  on  pages  86  to  88. 
One  point  of  special  interest  mentioned  there  is  that  in  these  mountain 
streams  the  number  of  falls,  and  even  the  number  of  shoals  occurring 
along  the  larger  streams,  is  much  smaller  than  might  be  expected  under 
the  circumstances.  Instead  of  these,  we  have  simply  in  large  portions 
of  these  streams  very  rapid  currents  or  a  succession  of  rapids.  The 
explanation  of  this  condition  of  things  is  to  be  found  in  the  fact  that 
these  streams  have  occupied  their  present  channels  for  such  long  periods 
of  time;  and  the  great  rapidity  of  their  flow  has  enabled  them  to  carry 
suspended  in  the  water  large  quantities  of  sand  and  gravel  and  bowlders, 
and  these  have  worn  away  the  projecting  masses  of  harder  rock,  keeping 
these  more  nearly  on  a  level  with  the  adjacent  softer  beds.  This  con- 
dition has  been  further  facilitated  by  the  comparative  absence  of  such 
radical  differences  in  the  character  of  the  beds  of  rock  crossed  by  these 
streams  as  are  described  in  the  pages  86  to  88  referred  to  above.  Hence, 
while  these  streams  descend  rapidly  towards  the  lowlands,  their  descent 
has  become  in  the  course  of  time  more  or  less  uniform  for  considerable 
distances. 

In  the  following  pages  the  effort  is  made  to  indicate  those  points  on 
the  streams  there  considered  where  waterpower  development  has  been 
made  or  is    considered  practicable,  and  the  word  "  shoal "  there  used 
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refers  to  this  condition.  The  height  given  for  the  various  shoals  is  in  most 
cases  that  determined  by  hand-level  from  comparatively  smooth  water 
below  the  shoal  to  comparatively  smooth  water  above,  and,  as  a  rule, 
takes  no  account  of  the  fall  in  the  smooth  water  above  and  below, 
although  this  may  be  large. 

As  the  fall  per  mile  on  all  these  streams  is  so  great,  it  was  hard  to 
decide  definitely  as  to  what  constituted  a  shoal  of  sufficient  importance 
to  be  noted  here,  so  only  those  localities  are  mentioned  where  the  fall 
in  the  stream  is  noticeably  concentrated,  even  though  the  amount  of 
fall  thus  concentrated  may  be  small.  Shoals  of  only  a  few  inches  fall 
usually  indicate  that  a  ledge  of  rock  crosses  the  river  at  that  point  and 
the  water  flows  over  this  in  a  miniature  cascade.  Such  localities  are 
noted  more  with  reference  to  the  possibilities  for  building  dams  and 
races  than  for  the  fall. 

In  the  development  of  waterpower  in  this  mountain  region  where,  for 
the  most  part,  the  streams  run  as  rapid  currents  through  deep  rocky 
channels,  two  general  plans  suggest  themselves.  One  is  the  building  of 
high  stone  dams — 20,  50,  or  even  100  feet  high — ^across  these  narrow, 
rocky  gorges,  the  construction  of  wheel-pits  at  or  near  the  dams,  and 
the  construction  of  power-houses  immediately  above  the  wheels  (see 
Plate  XV,  p.  348).  In  this  case,  where  there  would  either  be  no  race 
at  all  or  a  short  one,  the  fall  of  water  would  be  practically  the  same 
as  the  height  of  the  dam,  the  steep  descent  of  the  river  channel  below 
the  dam  securing  the  rapid  removal  of  the  water  from  beneath  the 
wheel.  The  other  plan  which  suggests  itself  is  the  construction  of  lower 
dams  and  the  conveying  of  the  water  either  through  open  canals  or  closed 
pipes  for  some  distance  along  the  banks  of  the  stream  until  some  point 
is  reached  where  a  sufficient  fall  can  be  obtained  and  the  power-house 
constructed.  As  the  conditions  will  vary  at  different  points,  so  it  may 
be  found  that  one  or  the  other  of  these  plans,  more  or  less  modified,  will 
be  better  adapted  to  the  development  work  contemplated.  Whether  the 
dam  constructed  be  a  low  or  high  one,  the  pond  produced  at  most  places 
will  be  comparatively  small,  and  will  be  sooner  or  later  filled  with  sedi- 
ment brought  down  by  the  rapid  streams  above  unless  this  is  guarded 
against  in  the  construction  of  the  dam. 

The  majority  of  locations  in  this  mountain  region  where  waterpower 
developments  are  practicable  are  not  within  easy  reach  of  transportation 
facilities  over  either  railroads  or  good  wagon-roads,  and  in  many  cases 
the  gorges  are  so  narrow  and  the  country  so  rough  that  the  conditions 
are  not  favorable  to  the  establishment  of  adjacent  manufacturing  plants. 
Hence,  in  the  development  and  utilization  of  these  watei*powers,  it  would 
seem  not  only  advisable,  but  necessary,  that  the  power  should  be  trans- 
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mitted  electrically  from  the  placee  of  development  to  points  on  the  rail- 
roads where  locations  for  the  establishment  of  manufacturing  plants  and 
transportation  facilities  are  both  within  easy  reach.  Fortunately,  in 
this  connection,  the  electric  transmission  of  power  is  no  longer  a  matter 
of  experiment,  but  is  now  accepted  as  one  of  the  most  satisfactory 
and  economic  methods  of  both  transmitting  and  distributing  power,  and 
this  method  of  transmitting  power  is  entirely  practicable  in  the  roughest 
and  most  rugged  sections  of  country.  A  discussion  of  the  advantages 
and  methods  of  transmitting  and  distributing  power  in  this  way  will 
be  found  on  pages  337  to  350. 


CHAPTER  XI. 
THE  NEW,  WATAUGA  AND  TOE  RIVERS.^ 

UrSW  BXVER  AND  TBIBXTTABISS. 

New  river  rises  on  the  northwest  slope  of  the  Blue  Ridge  in  the 
fiouthem  part  of  Watauga  county  near  Blowing  Rock.  Thence  it  flows 
in  a  general  north-northeasterly  course  across  the  counties  of  Watauga 
and  Ashe  into  Virginia.  Over  the  larger  part  of  its  course  in  these 
two  counties  it  is  known  as  the  South  fork  of  New  river,  which 
will  be  described  more  fully  further  on.  Just  before  reaching  the  Vir- 
^nia  line  it  is  joined  by  the  "  North  fork,"  which  rises  on  the  east 
alope  of  the  Iron  mountains  along  the  southwest  border  of  Ashe  county. 
After  crossing  the  line  into  Virginia  the  river  follows  an  easterly  course 
near  the  North  Carolina  line  for  a  distance  of  about  12  miles,  when  it 
changes  to  a  southeasterly  course  and  crosses  the  North  Carolina  line 
and  runs  for  a  distance  of  4  or  5  miles  in  Alleghany,  county.  It  then 
again  crosses  the  state  line  into  Virginia  and  flows  in  a  general  northerly 
course  into  the  Kanawha  and  the  Ohio. 

In  its  course  across  Watauga  and  Ashe  counties  it  is  everywhere  a 
rapid  mountain  stream,  nmning  for  the  greater  part  of  this  distance 
through  narrow,  rather  deep  gorges,  with  in  many  places  a  rocky  bottom 
and  rocky  slopes,  furnishing  at  numerous  points  conditions  favorable 
for  the  construction  of  dams.  The  total  drainage  area  of  the  North  and 
South  forks  of  New  river  above  their  jimction  in  631  square  miles. 
Of  this  area,  in  1880,  92,000  acres  were  reported  as  being  in  cultivation, 
57,000  acres  in  grass  and  240,000  acres,  or  61  per  cent,  of  the  whole, 
were  still  forest-covered.  The  total  rainfall  of  the  basin  as  indicated  by 
the  records  of  a  single  station — that  at  Blowing  Rock — which  extends 
over  a  period  of  three  years,  is  49  inches  for  the  year,  distributed  as  fol- 
lows: for  the  spring,  11.3;  summer,  16.2;  autumn,  9.7;  winter,  11.8 
inches.  A  considerable  portion  of  the  cleared  land  is  in  grass  and  is 
used  for  the  pasturage  of  cattle.  It  is  a  fine  country  agriculturally,  the 
soil  being  quite  deep  and  for  the  most  part  a  fertile,  sandy  and  gravelly 
loam,  and  the  lower  part  of  the  basin  in  Ashe  county  is  rich  in  mineral 
deposits,  including  a  number  of  large  beds  of  high-grade  magnetic  iron 

1  By  E.  W.  Myers  and  J.  V.  Lewis. 
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ore  and  several  fine  copper  properties.  There  are  numerous  tributary 
streams,  on  practically  all  of  which,  owing  to  the  rapid  descent  of  their 
basins,  small  waterpowers  could  be  easily  developed.  Owing  to  the 
steepness  of  the  mountain  slopes^  all  of  these  streams  are  at  times  subject 
to  freshets,  and  after  hard  freezes  in  the  winter  occasionally  ice  dams  of 
considerable  magnitude  are  formed,  so  that  the  stone  dams  constructed 
in  connection  with  waterpower  developments  need  to  be  built  strongly 
and  with  considerable  care  in  order  to  secure  their  permanency  against 
the  freshets  and  these  ice  dams. 

WATERPOWER   ON   NEW   RIVER. 

Xearly  all  of  the  shoals  which  are  capable  of  being  developed  into 
waterpowers  are  to  be  f oimd  on  the  North  and  South  forks  of  the  river, 
and  will  be  described  under  these  headings  further  on.  The  lowest 
shoal  on  the  main  river  in  North  Carolina  which  deserves  mention  here 
is  that  in  the  northern  part  of  Ashe  county  where  the  river  makes  its 
bend  into  North  Carolina.  Here  for  a  distance  of  about  4  miles  the 
river  is  almost  a  continuous  series  of  rapids,  and  is  reported  to  contain 
a  number  of  shoals  which  might  be  utilized,  especially  about  Horse 
ford.  In  the  lower  portion  of  this  section  there  is  a  natural  fall  of 
about  7  feet  in  a  half  mile,  and  the  width  of  the  river  at  the  head  of 
this  shoal  is  about  350  or  400  feet  with  steep  sloping  bluffs  on  either  side. 

From  where  New  river  first  crosses  the  North  Carolina-Virginia  line 
up  to  the  jimction  of  the  North  and  South  forks,  a  distance  of  about 
4  miles,  no  shoal  of  importance  was  reported  except  the  Blevins  shoal, 
which  is  to  be  found  just  below  the  junction  of  the  two  forks.  This 
shoal  was  not  visited  and  no  definite  information  concerning  it  could  be 
obtained  except  that  it  is  "  a  good  shoal.'* 

As  will  be  seen  on  the  map  (Plate  I,  frontispiece)  after  crossing  into 
Virginia  near  the  northeast  comer  of  Ashe  county,  New  river  again 
enters  North  Carolina,  and  remains  in  the  northern  central  part  of  Alle- 
ghany county  for  a  distance  of  3  or  4  miles  before  turning  northeast- 
ward again  into  Virginia. 

TRIBUTARIES  OF  NEW  RIVER. 

The  three  tributaries  on  New  river  which  deserve  description  in  the 
present  connection  are  the  Little  river  and  the  North  and  South  forks 
of  New  river. 

LITTLE  RIVER. 

Little  river  rises  on  the  north  slope  of  the  Blue  Ridge  in  the  southern 
part  of  Alleghany  county  and  flows  across  this  county  in  a  northeasterly 
course  until  it  reaches  the  Virginia  line,  and  then  it  turns  north-north- 
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west  and  joins  New  river  at  a  point  three  or  four  miles  north  of  the  state 
line.  The  stream  is  rapid  throughout  its  entire  course  and  at  intervals 
its  narrow  gorge,  with  rocky  bottom  and  sides,  would  be  favorable  for 
power  development  if  the  water  supply  were  sufficient. 

"No  information  was  obtainable  concerning  any  important  shoal  or 
available  mill  site  on  this  stream  below  the  mouth  of  Brush  creek;  but 
we  were  informed  that  there  is  a  fine  fall  all  the  way  from  this  point 
to  the  Virginia  line.  Just  below  the  mouth  of  Brush  creek  there  is 
reported  to  be  a  good  shoal,  but  no  definite  data  in  regard  to  the  fall 
of  water  there  and  availability  for  power  development  were  obtainable. 
There  is  also  said  to  be  a  good  power  site,  with  a  small  natural  fall 
between  this  point  and  the  Fender  mux  above.  This  mill  is  one  mile 
south  of  Edwards  Cross-roads,  and  is  situated  on  the  north  bank  of  the 
river.  The  shoal  is  formed  by  the  water  flowing  over  a  ledge  of  granite 
which  gives  an  almost  perpendicular  natural  fall  of  about  5.5  feet. 
On  top  of  this  ledge  there  is  a  log  dam  three  feet  high.  The  mill  is  a 
combination  com-,  wheat-,  saw-  and  shingle-mill  run  with  about  half 
of  the  water  available. 

Just  above  and  below  the  mouth  of  Bledsoes  creek  there  are  said  to 
be  one  or  more  old  mill  sites  capable  of  being  developed  into  a  good 
power.  Above  this,  and  two  and  a  half  miles  southeast  of  Sparta,  is  a 
good  power  developed  by  a  fourteen-foot  wood  dain,  which  now  runs  a 
saw-,  flouiv,  grist-  and  carding-mill.  Three  miles  above  this,  and  one 
mile  below  Whitehead,  is  Joynes  &  Eichardson's  flouring-mill,  the 
power  to  operate  which  is  developed  with  a  small  natural  fall  and  a  ten- 
foot  wood  dam.  One-half  mile  above  this  latter  place  there  is  said  to 
be  another  good  shoal.  At  Whitehead  a  saw-,  flour-  and  grist-mill  are 
operated  by  a  fourteen-foot  overshot  wheel. 

On  Brush  creek,  one  of  the  largest  tributaries  of  Little  river,  there 
are  said  to  be  several  important  shoals,  one  on  this  creek  just  above  its 
mouth  and  another  several  miles  further  up  the  stream  near  the  mouth 
of  Laurel  creek. 

NORTH  FORK  OF  NEW  RIVER. 

North  fork  of  New  river,  which  rises  near  the  Ashe- Watauga  county 
line  -on  the  northern  and  eastern  slope  of  the  L^n  mountains,  flows  as  a 
rapid  stream  across  Ashe  county  in  a  southeasterly  course,  joining  the 
South  fork  a  few  miles  before  New  river  reaches  the  Virginia  line.  It 
has  a  total  drainage  area  of  298  square  miles,  the  upper  portion  of  which 
is  entirely  forest-covered.  On  the  northwest  side  it  has  three  prom- 
inent tributaries,  on  each  of  which  small  waterpc^wer  developments  are 
possible — Helton  creek,  with  a  drainage  area  of  47  square  miles;  Horse 
creek,  with  a  drainage  area  of  68  square  miles;  with  Laurel  fork  or  Big 
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Laurel  creek  with  a  drainage  area  of  32  square  miles.  Its  principal 
shoals,  which  are  promising  for  small  waterpower  developments,  are  the 
following: 

About  two  miles  and  a  half  above  the  junction  of  the  two  forks  of 
New  river  and  a  ndle  above  Weaversford  is  Dixon's  mill  (com  and 
wheat),  with  an  eight-foot  wood  dam  and  a  nine-foot  working  head. 
The  dam  is  212  feet  long  and  rests  on  a  rock  foundation  with  solid  rock 
abutment  on  the  east  bank.  The  rock  rises  into  the  hillside  on  the 
west  bank  at  a  distance  of  a  few  feet  from  the  end  of  the  present  dam. 
The  river  is  here  quite  rapid  for  200  yards  below  the  mill  and  the  tail 
water  flows  off  readily.  A  pit  has  been  constructed  for  a  turbine- 
wheel,  but  the  small  power  used  when  the  region  was  visited  is  developed 
by  Willis  wheels.  It  is  estimated  that  over  300  horsepower  could  be 
obtained  here  at  all  seasons  with  the  proper  development.  The  prop- 
erty belongs  to  Mr.  J.  A.  Dixon  of  Weaversford. 

Two  miles  above  Dixon's  mill  and  a  mile  below  the  mouth  of  Helton 
creek  is  a  shoal  known  as  the  Falls,  the  property  of  the  widow  Hum- 
mer. The  river  at  this  point  has  a  width  of  about  150  feet,  and  the 
shoal  consists  of  heavy  rock  ledges  which  continue  up  the  hills  on  either 
side  at  an  inclination  of  about  40°  on  the  east  and  about  25°  on  the 
west  The  natural  fall  is  three  feet  in  about  600  or  800  feet,  and 
there  is  a  fall  of  about  four  feet  in  a  quarter  of  a  mile  above  the  shoal. 
A  dam  fifty  feet  high  could  be  built  from  rock  on  the  spot;  but  there 
is  little  level  space  for  building.  The  highest  recorded  water-mark  was 
reached  in  September,  1878,  and  is  about  18  feet  above  the  ordinary 
water  level. 

About  five  miles  above  the  "  Falls,"  and  just  above  the  mouth  of 
Silas  creek,  there  is  said  to  be  a  good  available  shoal  with  a  satisfactory 
place  for  a  dam,  the  bed  and  banks  of  the  stream  being  of  rock.  This 
property  is  owned  by  P.  Ballou  and  Calvin  Brinegar. 

For  several  miles  above  this  latter  point  the  stream  is  very  rapid, 
and  there  are  good  mill  sites  at  intervals  of  every  two  or  three  miles; 
but  there  are  no  shoals  of  much  importance  till  we  reach  Sharps  shoal, 
which  is  about  four  ndles  above  the  mouth  of  Buffalo  creek  and  oppo- 
site the  northeastern  extremity  of  Three  Top  mountain.  The  natural 
fall  of  this  shoal  is  about  7.5  or  8  feet  in  a  distance  of  about  200  feet 
The  river  is  about  70  feet  wide  at  the  head  of  the  shoal,  and  there  are 
good  rock  abutments  on  either  side  for  a  ten-foot  dam.  There  is  s^t 
water  below  and  plenty  of  good  level  ground  for  buildings.  The  rock 
is  a  hard,  compact  gneiss  of  almost  granitic  structure,  and  a  high  ledge 
up  the  hill  to  the  north  of  the  shoal  will  furnish  great  quantities  of  this 
material  for  foundations,  dam,  and  other  building  purposes.     Above 
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this  point  no  shoals  of  any  considerable  importance  were  observed  or 
heard  of. 

SOUTH  FORK  OF  NEW  RIVER. 

This  fork  of  New  river  has  already  been  briefly  described  (p.  237)  as 
the  upper  portion  of  New  river.  Its  drainage  area  above  where  it  joins 
the  North  fork  is  333  square  miles.  Its  principal  shoals  and  waters 
powers  are  as  follows: 

On  the  South  fork,  about  three-quarters  of  a  mile  above  the  junc- 
tion of  the  two  branches  of  New  river,  is  the  Wallace  Forge  shoal, 
which  has  a  natural  fall  of  about  three  and  a  half  feet  in  one  thousand. 
There  is  an  eixcellent  rock  foundation  for  a  dam  and  solid  rock  bluffs 
in  the  hills  on  either  side,  rising  at  an  angle  of  40°  to  a  height  of  50 
feet  or  more.  The  width  of  the  river  where  dam  would  probably  be 
built  is  250  feet,  and  the  current  for  some  distance  below  the  shoal  is 
very  rapid,  having  about  two  feet  fall  in  the  next  200  yards.  There 
is  no  level  space  for  building,  though  buildings  could  be  placed  near 
the  foot  of  the  shoal  on  gently-sloping  hillside.  There  was  once  an  old 
forge  here  with  a  wooden  dam,  but  this  was  washed  away  about  twenty 
years  ago. 

Dog  Cbeek  shoal. — For  the  next  twenty  miles  above  the  Wallace 
Forge  shoal  the  river  is  as  compared  with  other  mountain  streams,  shoaly, 
rather  sluggish,  and  in  this  distance  no  shoal  with  a  natural  fall  that  is 
worthy  of  special  note  was  observed  until  near  the  mouth  of  Dog  creek, 
which  is  about  five  miles  east  of  Jefferson.  Here  there  is  a  natural  fall 
of  about  six  feet  in  350  to  400  yards,  a  good  foundation  for  a  dam  and 
excellent  grounds  for  buildings.  The  dam  would  necessarily  be  quite 
long,  as  there  is  a  strip  of  bottom-land  along  the  whole  of  the  west  side 
of  the  shoal. 

About  a  mile  above  the  mouth  of  Dog  creek,  and  just  above  the 
mouth  of  Roans  creek,  is  the  old  Bowers  mill  site,  which  is  regarded 
as  a  good  shoal. 

The  next  shoal  of  importance,  about  a  mile  and  a  half  above  this, 
is  the  WiTHEBSPOON  FORD  SHOAL,  just  below  a  ford  of  that  name.  This 
has  a  natural  fall  of  about  5  feet  with  good  rock  foundations  and  abut- 
ments for  dam  and  abundant  level  building  space. 

About  half  a  mile  above  Witherspoon  iord,  and  a  short  distance  above 
the  mouth  of  Bear  creek,  is  the  Yates  shoal,  which  is  said  to  be  a 
good  site,  but  we  did  not  see  it  and  have  no  definite  data  concerning  it. 
About  two  miles  further  up  is  the  Brush  creek  shoal,  of  about  the 
same  character  as  the  last-named,  just  above  the  mouth  of  Brush  creek. 

Two  miles  above  this  last-mentioned  is  Turtle  shoal,  which  has  about 
5  or  6  feet  fall  in  100  yards,  but  there  is  a  broad  level  bottom  on  the 
left  bank  which  would  greatly  interfere  with  building  a  substantial  dam. 

16 
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KoABiNO  SHOAL  is  about  two  miles  above  the  last-named  and  a  mile 
and  a  half  above  the  mouth  of  Obids  creek.  It  has  about  the  same 
fall  as  Turtle  shoal,  but  there  is  no  good  building  room. 

Elk  shoal  is  a  mile  and  a  half  still  higher  up  the  South  fork,  and  has 
a  natural  fall  of  about  10  or  11  feet  in  a  short  distance.  It  affords  a 
good  solid  foimdation  for  dam  and  has  good  rock  abutments  on  the 
sides,  but  there  is  no  level  ground  for  building. 

There  are  also  said  to  be  good  shoals  just  below  the  mouth  of  Pine 
Swamp  creek  and  about  a  mile  above  it,  but  of  no  considerable  fall. 
About  three-fourths  of  a  mile  below  the  mouth  of  Old  Field  creek  there 
is  a  good  short  shoal  having  a  natural  fall  of  about  four  feet.  This  is 
an  excellent  dam  site  and  there  is  plenty  of  available  building  room. 

Three  miles  above  this  last,  and  just  below  the  mouth  of  Mill  creek, 
is  Rocky  shoal,  with  a  natural  fall  of  4  feet  in  about  250  feet.  A  solid 
rock  ledge  runs  across  the  river  and  up  the  hills  on  both  sides,  giving  an 
excellent  dam  foimdation.  There  is  plenty  of  good  building  room  at 
the  foot  of  the  shoal.  A  shoal  very  similar  to  the  last,  and  said  to  be 
as  favorably  situated,  is  about  three  miles  further  up  the  river,  just 
above  the  mouth  of  Grassy  creek. 

At  Elk  Cross-roads  (Todd  P.  O.),  and  just  above  the  mouth  of  Elk 
creek,  there  is  a  good  rock  shoal  with  steep,  rocky  banks  on  either  side, 
suitable  for  building  a  dam  forty  or  fifty  feet  high  if  necessary.  For  a 
mile  above  this  the  stream  is  very  rapid  and  probably  gives  a  fall  of  15 
or  20  feet  The  whole  of  this  distance  is  shut  in  by  a  rocky,  narrow 
gorge.     The  water  is  also  quite  swift  below  the  shoal. 

For  fifteen  miles  above  this  point  there  are  no  shoals  or  available 
mill  sites.  Half  a  mile  below  the  mouth  of  Hardin  creek  and  three 
miles  east  of  Boone,  a  mill  was  being  built  at  the  time  of  our  visit 
(1895).  There  is  a  small  rapid  with  a  good  foundation  for  dam  and 
rock  abutment  on  the  north  side  of  the  stream,  but  there  is  a  broad 
meadow  on  the  other  bank.  A  brush  dam  about  4  feet  high  has  been 
built,  and  a  race  dug  in  the  soil  about  800  feet  long,  giving  a  fall  of 
about  8  feet  at  the  wheel. 

WATAUQA  BIVSR. 

The  Watauga  river  rises  on  the  north  slope  of  the  Grandfather  moun- 
tain and  flows  a  distance  of  about  10  miles  in  a  northeasterly,  course 
and  then  runs  in  a  northwesterly  course  for  a  distance  of  something  more 
than  20  miles  before  reaching  the  Tennessee  line,  where  it  flows  through 
a  deep  gorge  cut  through  the  ridge  of  the  Iron  mountains.  Its  total 
drainage  area  above  the  Tennessee  line  is  162  square  miles.  Of  this 
total  area  about  22,000  acres  are  cultivated,  and  about  12,000  acres  are 
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in  grass,  and  70,000  acres,  or  67  per  cent  of  the  whole,  are  still  in 
forests.  The  soil  is  generally  deep  and  open  or  porous,  being  usually 
a  gravelly  or  sandy  loam.  The  stream  is  everywhere  a  rapid  one,  and 
for  a  considerable  portion  ot  its  course  runs  through  a  deep,  narrow 
gorge  with  rocky  bottom  and  rocky  sides,  furnishing  at  many  points 
excellent  facilities  for  the  construction  of  dams. 

The  fall  of  the  stream  is  very  great  throughout  its  length,  and  the 
selection  of  shoals  for  utilization  becomes  largely  a  matter  of  conveni- 
ence. For  several  miles  above  the  Tennessee  line  it  flows  in  a  deep 
gorge,  and  is  practically  a  succession  of  rapids;  along  this  portion  of  its 
course  it  is  accessible  in  only  a  very  few  places.  Between  the  Ten- 
nessee line  and  Shulls  mill,  a  distance,  following  the  course  of  the 
stream,  of  about  19  miles,  the  total  fall  in  the  river,  as  taken  from  the 
topographic  iftap  of  the  U.  S.  Geological  Survey,  is  about  900  feet,  and 
the  average  fall  per  mile  is  therefore  about  47  feet. 

The  more  important  shoals  of  which  there  is  information  at  hand 
are  the  following: 

The  first  available  shoal  is  about  four  miles  above  the  state  line,  and 
above  and  below  the  mouth  of  Beech  creek.  Here  is  a  fine  site  for  dam 
and  buildings;  the  fall  could  not  be  estimated,  as  the  river  is  a  series  of 
rapids  for  long  distances  above  and  below  the  creek  mouth,  so  that 
almost  any  desirable  fall  could  be  obtained. 

About  five  miles  further  up,  at  the  Calvin  Ward  pi^cb,  jufit  below 
the  mouth  of  Laurel  creek,  there  is  a  good  mill  and  dam  site  with  small 
natural  fall. 

One  mile  above  this  there  is  another  good  locality  for  a  small  mill. 
Rock  ledges  rise  on  either  side  for  dam  abutments,  but  there  is  very 
little  concentrated  natural  fall,  though  the  river  is  quite  rapid.  A  small 
bottom  affords  plenty  of  level  building  room. 

About  two  miles  further  up  the  river,  just  below  the  mouth  of  Cove 
creek,  is  a  shoal  with  nine  feet  natural  fall  in  500  to  600  feet,  with 
good  abutments  for  a  dam,  almost  perpendicular  on  one  side  and  quite 
steep  on  the  other.  A  fairly  good  building  site  is  at  the  lower  end 
of  the  shoal.  About  three  feet  of  the  fall  is  utilized  by  a  small  saw- 
mill. 

Six  miles  above  the  last-mentioned  place,  and  just  above  the  first  ford 
above  Valle  Crucis,  is  a  shoal  with  about  2  feet  frill  in  100  feet. 
Ledges  of  rock  lie  directly  across  the  stream  and  extend  up  the  hills 
on  either  side.  A  dam  14  or  15  feet  high  could  easily  be  built,  and 
there  is  plenty  of  room  for  buildings. 

For  four  miles  above  this  point  the  river  is  almost  a  continuous  series 
of  rapids  and  cascades  in  a  deep  gorge;  and  dams  up  to  60  or  70  feet 
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high  could  be  built  in  many  places.  But  there  is  only  an  occasional 
narrow  strip  of  bottom  to  afford  building  space. 

A  mile  and  a  half  above  the  mouth  of  Laurel  creek  there  is  a  shoal 
with  a  fall  of  fifteen  feet  in  about  160  feet.  An  excellent  dam  and 
building  site  with  plenty  of  rock  on  the  grounds  for  foundations  and  a 
dam. 

A  single  discharge  measurement  of  the  Watauga  was  made  just  below 
the  mouth  of  Cove  creek,  showing  a  discharge  of  about  68  cubic  feet 
per  second,  equivalent  to  7.7  horsepower  per  foot  of  fall. 

The  Watauga  river  receives  as  tributaries  several  large  creeks,  of 
•which  Cove  creek  (draining  41  square  miles)  and  Beaverdam  creek, 
■entering  from  the  north,  and  Elk  creek  (draining  47  square  miles)  from 
the  south  are  the  principal  ones.  On  Cove  and  Beaverdam  creeks  the 
fall  is  very  large,  and  though  the  quantity  of  water  is  small,  there  are 
numerous  small  powers  on  them,  some  of  which  are  used  to  operate  the 
«mall  saw-mills  and  grist-mills  which  supply  the  local  needs. 

The  most  noteworthy  power  on  any  of  these  tributary  streams  is  Elk 
FALLS  (Plate  XI),  located  on  EUc  creek,  just  above  the  Mitchell- 
Watauga  county-line.  Here  there  is  a  sheer  jump  of  from  26  to  28 
feet,  and  from  the  top  of  this  fall  there  is  a  fall  of  85  feet  in  one  mile, 
then  for  four  miles  the  fall  will  average  100  feet  per  mile.  Above  Elk 
falls  there  are  numerous  small  shoals  and  rapids  as  high  up  as  Banners 
Elk,  giving  small  compact  powers  of  from  20  to  40  feet  fall. 

TOE  BXVER  AND  TBIBUTABISS. 

This  river,  which  in  North  Carolina  has  its  tributaries  mainly  in  the 
counties  of  Mitchell  and  Yancey,  and  flows  thence  into  Tennessee,  is 
in  the  latter  state  known  as  the  Nolechucky ;  and  in  North  Carolina  this 
same  designation  is  sometimes  applied  up  to  the  junction  of  the  North 
and  South  Toe  rivers,  about  5  miles  east  of  Bumsville,  It  is  more  gen- 
erally called  Toe  river  throughout  its  entire  course  in  North  Carolina. 
It  rises  in  the  extreme  northeastern  portion  of  iJitchell  county  between 
Cranberry  and  Grandfather  mountain,  and  flows  thence  for  a  distance 
of  nearly  30  miles  in  a  southerly  course.  It  then  flows  westerly  for  a 
distance  of  some  15  miles  to  where  it  is  joined  by  the  -South  Toe  river. 
Thence  it  flows  north  for  a  distance  of  10  miles,  where  it  is  joined  by 
Cane  creek  near  Bakersville,  and  then  runs  in  a  deep,  rocky  channel 
west-northwesterly  for  a  distance  of  some  20  miles  to  where  it  cuts 
through  the  mountains  and  flows  out  into  the  valley  of  east  Tennessee, 
joining  successively  the  French  Broad,  Holston  and  Tennessee  rivers. 
Its  total  drainage  area  above  the  Tennessee  line  is  640  square  miles,  of 
which  about  67,000  acres  are  in  cultivation,  21,000  in  grass,  and  331,- 
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000  acres,  or  78  per  cent,  of  the  whole,  still  forest-covered.  The  total 
rainfall  of  this  region  is  61.2  inches  for  the  year,  divided  as  follows: 
spring,  11.4;  sununer,  15.7;  autumn,  11.6;  winter,  12.5  inches.  The 
soil  is  deep,  porous  and  fertile.  The  grasses  grow  vigorously  on  the 
cleared  lands,  and  the  cattle  industry  is  quite  an  important  one.  The 
principal  crops  grown  are  com  and  small  grains  such  as  wheat,  oats  and 
rye.  At  Cranberry  and  at  a  number  of  other  points  along  the  Iron 
mountain  range  are  valuable  magnetic  iron  ore  deposits,  and  in  both 
Mitchell  and  Yancey  counties  there  are  numerous  mica  deposits  which 
are  considered  the  most  valuable  in  the  United  States.  A  projected 
and  partly  built  railroad  follows  the  course  of  the  river  for  some  miles 
both  above  and  below  the  Tennessee  state  line,  and  when  completed 
this  will  render  many  of  these  latent  waterpowers  accessible. 

The  more  important  tributaries  are  Caney  river  and  North  Toe  on 
the  south.  Big  Eock  creek  and  Cane  creek  on  the  north.  The  stream 
is  a  rapid  one  throughout  almost  its  entire  course,  and  in  many  places 
it  runs  through  a  deep,  rocky  gorge,  where  the  construction  of  dams 
for  waterpower  could  be  easily  accomplished.  There  are  occasional 
high  freshets  during  which  the  water  rises  and  goes  down  quite  rapidly, 
and  at  rarer  intervals  in  the  early  spring  there  is  some  little  trouble 
from  the  breaking  up  of  the  ice^  which,  moving  down  the  streams,  forms 
temporary  dams^  but  this  is  nothing  like  so  serious  as  in  the  more 
northern  states. 

WATERPOWER   ON   TOE   RIVER. 

The  more  important  shoals  on  this  river  are  as  follows: 

One  and  one-half  miles  below  the  mouth  of  Caney  river  there  are 
rock  cliffs  on  either  side  of  the  gorge,  here  about  200  feet  wide.  The 
current  is  very  swift,  and  there  is  a  fall  of  25  feet  in  about  half  a  mile. 
There  is  a  small  building  space  about  one-fourth  of  a  mile  below  the 
best  location  for  a  dam.  i 

In  all  this  lower  portion  of  the  river  the  water  is  quite  swift,  and 
there  are  several  places  where  dams  might  be  built,  but  there  is  very 
little  space  for  building  on  the  banks,  and  for  much  of  the  distance  it 
would  be  difficult  to  construct  races  in  the  rocky  slopes. 

Just  above  the  ford,  a  mile  above  the  mouth  of  Pigeon-roost  creek, 
there  is  a  good  foundation  for  a  dam  and  rock  abutnkent  on  the  north 
side,  an  island  lying  south  of  the  main  part  of  the  stream  about  15 
feet  high,  which  is  never  overflowed.  A  5-foot  dam  here  would  raise 
the  water  at  this  point  about  to  the  level  of  the  water  at  the  upper  end 
of  the  island,  and  a  6-foot  dam  across  the  narrow  channel  south  of  the 
island  (50-75  feet  wide)  would  allow  a  dam  10  feet  high  on  the  shoal 
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in  the  main  channel.  A  strip  of  bottom  of  about  15  acres  affords  ample 
space  for  buildings  just  below  the  shoal. 

A  gauging  of  Toe  river  was  made  about  one  mile  above  the  mouth 
of  Pigeon-rooet  creek  (one-half  mile  above  Relief  post-office)  when  the 
water  was  about  6  inches  above  normal  height  This  showed  the  flow 
at  that  time  to  be  785  cubic  feet  per  second,  which  is  equivalent  to 
about  89  horsepower  per  foot  fall.  Average  surface  velocity,  1.75  feet 
per  second.  Taking  two-thirds  of  this  (1.16)  as  the  normal  velocity, 
and  505  square  feet  as  the  normal  cross-section,  the  normal  discharge  is 
586  cubic  feet  per  second,  which  gives  66.6  horsepower  per  foot  fall. 

One  and  one-half  miles  above  the  mouth  of  Pigeon-roost  creek  there 
is  a  good  shoal  with  a  natural  fall  of  6  feet  in  300,  and  a  width  of  about 
175  feet.  A  rocky  ledge  crosses  the  river  and  extends  up  the  bluffs 
on  both  sides,  that  on  the  south  side  rising  some  40  feet  back  from  the 
bank  of  the  stream,  at  an  angle  of  30°,  to  a  height  of  more  than 
1 00  feet.  The  north  side  is  steeper  and  about  the  same  height  There 
is  a  small  level  space  on  both  banks  about  200  yards  below.  There  are 
no  mills  on  the  river  above  the  Tennessee  line  except  those  named 
below,  but  there  are  several  on  the  creeks.  There  is  a  considerable  fall 
in  the  river  all  the  way  from  the  mouth  of  South  Toe  to  the  Deaton 
Bend  (just  above  the  mouth  of  Cane  creek).  Below  Cane  creek  the 
river  is  very  rapid,  having  30  or  40  feet  natural  fall  to  the  mile,  with 
rock  bottom  all  the  way  with  steep,  rocky  sides  to  the  gorge.  There  is 
practically  no  level  building  room  except  a  narrow  strip  of  bottom  on 
the  north  side,  half  a  mile  below  Cane  creek.  If  a  race  were  con- 
structed on  the  side  of  the  gorge  it  would  pass  through  solid  rock  all  the 
way — mostly  dark,  fine-grained  basic  massive  rock. 

Just  below  the  mouth  of  Bear  creek  is  John  Bailey's  grist-,  saw-  and 
mica-mill.     This  is  a  good  site  for  a  dam. 

Two  miles  above  Bear  creek  there  is  a  coniderable  fall  in  the  "  K a^ 
rows,"  just  below  where  the  road  leaves  the  river. 

Just  below  the  bridge  near  Spruce  Pine  there  was  a  mill,  now  washed 
away.  There  is  a  small  shoal  here,  but  no  rock  ledges  crossing  the 
stream  or  outcropping  on  the  banks,  which  would  serve  to  secure  a  dam. 

Three  miles  below  Wiseman's  mill  is  Joseph  Levin's  grist-mill. 

Two  miles  below  Three-mile  creek  is  Lafayette  Wiseman's  mill.  This 
was  formerly  a  saw-mill  and  a  com-  and  wheat-mill,  but  the  saw-mill 
has  been  washed  away.  There  is  a  rock  abutment  on  either  side  of  the 
river  and  a  shoal  extends  half  way  across,  but  there  is  little  natural  fall. 
The  dirt  side  of  the  river  bank  has  been  washed  out,  but  it  is  now  walled 
in  with  rock. 

Just  below  Three-mile  creek  (Elsie  post-office)  are  Jas.  H.  Wiseman^s 
saw-,  wheat-,  and  corn-mills  and  wool  cards. 
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A  quarter  of  a  mile  below  Plum  Tree  there  is  a  mica-mill  (H.  R» 
Jones)  which  is  operated  by  water  conveyed  in  a  ditch  three-eighths 
of  a  mile  long,  the  water  being  taken  out  of  the  river  above  the  mouth 
of  Plum  Tree  creek. 

Three-fourths  of  a  mile  below  Hensons  creek  (marked  "  Powder  Mill 
creek  "  on  the  U.  S.  Geological  Survey  topographic  map)  there  is  said 
to  be  a  good  site  for  a  dam. 

Just  above  the  mouth  of  Roaring  creek  there  is  a  good  rock  shoal 
and  sides  for  a  dam  with  a  natural  fall  of  4  or  5  feet  reported. 

TBIBUTABIES   OF   TOB  BIVEB. 
CANEY  RIVER. 

The  first  of  the  important  tributaries  above  the  Tennessee  line  is 
Caney  river,  which  rises  on  the  western  slope  of  the  Black  mountains  in 
the  southern  part  of  Yancey  county  and  flows  in  a  general  northerly 
course  for  a  distance  of  some  20  miles  to  where  it  joins  the  Toe  river, 
about  5  miles  above  the  state  line.  Its  drainage  area  is  about  158 
square  miles.  It  is  everywhere  a  rapid  stream,  and  through  a  consid- 
erable portion  of  its  course  runs  through  a  deep,  narrow,  rock-bound 
goi^,  where  the  construction  of  dams  for.  waterpower  development 
would  be  an  easy  matter.  While  the  stream  is  everywhere  a  rapid  one 
there  are  but  few  shoals  with  concentrated  fall  to.  be  found. 

A  gauging  of  the  river  was  made  about  1^  miles  above  its  mouth 
at  a  point  where  the  stream  was  about  200  feet  wide,  at  a  time  when 
the  water  was  said  to  be  about  three  inches  above  its  normal  height. 
The  result  showed  a  flow  of  511  cubic  feet  per  second,  which  would 
indicate  at  this  stage  of  water  and  place  about  57  horsepower  per  foot 
fall.  This  gauging  was  made  the  morning  after  a  very  hard  rain  when 
the  water  was  very  turbid  and  is  manifestly  a  high-water  measurement, 
the  discharge  of  3.4  second  feet  per  square  mile  being  entirely  too  large 
for  any  normal  stage  of  flow.  The  average  dry  season  flow  will  prob- 
ably be  about  150  cubic  feet  per  second  and  17  horsepower  per  foot  fall. 
The  few  shoals  on  this  stream  which  may  be  considered  suitable  for 
waterpower  development  are  described  below. 

About  5  miles  above  the  mouth  of  the  river  there  is  a  shoal  with  a 
natural  fall  of  5  feet  in  a  distance  of  200  yards,  with  a  suitable  place, 
with  rock  bed  and  sides,  for  a  dam  at  the  head  of  the  shoal.  The  dis- 
tance between  the  rocky  banks  on  the  opposite  sides  of  the  stream  is 
about  150  feet.  At  the  lower  end  of  the  shoal  there  is  a  small  space 
suitable  for  buildings. 

Just  above  the  mouth  of  Bald  Mountain  creek  there  is  a  shoal  with 
about  10  or  12  feet  fall  in  a  quarter  of  a  mile  with  a  number  of  good 


248  THE    NEW,    WATAUGA   AND   TOE    RIVERS. 

locations  with  good  stone  foundations  for  a  dam  and  ample  supplies  of 
rock  suitable  for  its  construction.  The  walls  of  the  gorge  in  which  the 
river  runs  here  have  a  slope  of  about  30°.  The  total  length  of  the 
shoal,  paced,  is  1250  feet  The  fall  was  estimated  with  hand-level  and 
aneroid.  On  the  south  side  of  the  river,  about  200  yards  below  the 
foot  of  the  fall,  there  is  a  small  level  area  suitable  for  buildings.  This 
shoal  is  the  property  of  Jacob  Lewis,  Bee  Log,  N.  C. 

Still  further  above  Bald  Mountain  creek,  and  about  one  and  one- 
half  miles  below  Higgins  and  Brown's  grist-  and  saw-mill,  there  is  a 
natural  fall  of  4  feet  in  a  distance  of  200  feet,  with  a  suitable  place  for 
a  dam  a  short  distance  from  the  top  of  the  rapids.  The  bed  of  the 
stream  at  this  point  is  of  rock,  and  the  rocky  walls  of  the  gorge  are 
quite  steep,  having  a  slope  of  about  40°  to  a  height  of  over  100  feet. 
There  is  about  3  feet  fall  through  a  narrow  goi^e  for  the  next  300 
yards,  then  there  is  a  small  space  for  buildings. 

About  half  a  mile  above  the  last-mentioned,  and  a  mile  below  Hig- 
gins and  Brown's  mill,  thfere  is  a  fall  of  5  feet  in  about  250  yards  with 
a  good  place  for  a  dam  about  half  way. 

At  Higgins  and  Brown's  saw-  and  grist-mill,  some  7  miles  below 
Caney  river  post-office  (following  the  river),  there  is  a  dam  4  feet  high 
or  less  with  good  rock  foundations  and  abutments,  the  width  of  the  shoal 
being  about  75  feet.  There  is  here  an  excellent  site  for  a  dam,  but  the 
space  for  buildings  is  not  extensive. 

About  7  miles  below  Caney  river  postroffice  there  is  a  foui^f oot  fall  in 
about  200  yards.  The  river  is  50  feet  wide  with  good  rock  shoal  and 
steep  rocks  up  both  sidqp  to  a  height  of  about  200  feet.  There  is  some 
building  space  at  the  ford  200  yards  below. 

At  the  next  ford  above  this  last,  one  mile  below  Elk  Shoal  creek, 
there  is  a  fairly  good  place  for  the  location  of  a  dam,  and  there  is 
ample  space  for  building  room  in  the  bend. 

SOUTH  TOE  RIVER. 

This  stream  rises  at  the  extreme  southern  point  of  Yancey  county 
between  the  Black  mountains  on  the  west  and  the  Blue  Kidge  moun- 
tains on  the  east,  and  near  where  they  join  at  the  High  Pinnacle.  It 
flows  in  a  general  northerly  course,  and  joins  the  North  Toe  river  about 
5  miles  east  of  Bumsville.  Its  total  drainage  area  is  about  91  square 
miles,  of  which  probably  more  than  90  per  cent,  is  forest-covered.  The 
few  shoals  worthy  of  mention  on  this  stream  are  briefly  described  as 
follows: 

About  two  miles  below  the  mouth  of  Browns  creek  and  4  miles 
(straight  line)  above  the  mouth  of  the  river,  between  Fawn  Knob  and 
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Celoe  Ridge,  there  is  a  shoal  with  a  fall  of  3i  feet  in  100  feet  over 
a  ledge  of  coarse  granite  (pegmatite).  The  rock  rises  at  an  angle  of 
about  16°  on  both  sides  (somewhat  steeper  on  the  south  side).  The 
width  of  the  stream  at  the  head  of  the  shoal  is  50  feet,  but  it  is  only 
about  15  feet  wide  at  the  narrowest  place.  There  is  ample  level  space 
for  buildings  on  the  south  side  just  below  shoal. 

There  is  also  a  small  shoal  just  above  the  mouth  of  Browns  creek. 

A  short  distance  below  the  mouth  of  White  Oak  creek  there  is  a  shoal 
with  a  fall  of  about  4  feet  in  a  distance  of  300  feet  A  ledge  of  solid 
rock  crosses  the  bed  of  the  stream,  but  this  rock  is  not  exposed  in  the 
banks  for  abutments,  and  the  stream  is  here  bordered  by  broad  bottom- 
lands. 

There  is  a  small  shoal  between  the  last-mentioned  and  the  mouth  of 
Locust  creek,  and  at  the  mouth  of  Locust  creek  is  another  small  shoal 
with  a  fall  of  about  3  feet  with  good  rock  foundation  for  a  dam. 

Again,  about  one-half  mile  above  the  mouth  of  Locust  creek,  there  is 
a  fall  of  about  5  feet  in  a  distance  of  100  feet,  with  bottom  and  banks 
to  the  height  of  10  feet  solid  rock. 

There  are  almost  continuous  rapids  in  the  bend  below  Colberts  creek 
about  2  miles  above  Locust  and  4  miles  above  Browns  creek.  In  a 
steep,  rocky  gorge  the  stream  flows  as  a  continuous  rapid,  having  a  fall 
of  6  feet  in  200  yards,  the  width  of  the  stream  being  about  75  feet. 
There  is  an  excellent  site  for  a  dam,  with  solid  foundations  and  sides. 

There  is  another  small  shoal  about  200  yards  above  this  mentioned  at 
the  mouth  of  Colberts  creek,  where  there  is  a  nearly  perpendicular  fall 
of  3  feet.  The  stream  is  here  only  30  feet  wide,  but  a  dam  60  feet 
long  would  be  required  to  develop  this  power  fully. 

Two  smaller  tributary  streams  may  be  mentioned:  Big  Rock  creeks 
which  rises  on  the  southern  slopes  of  the  Iron  mountains  and  just  west  of 
Roan  mountain  in  the  northwestern  portion  of  Mitchell  county,  and 
flows  in  a  southwesterly  course,  joining  Toe  river  about  7  miles  west 
of  Bakersville,  has  along  its  course  several  small  shoals,  one  or  two  of 
which  have  been  already  partially  developed,  and  at  one  point,  a  short 
distance  above  its  junction  with  Toe  river,  there  is  said  to  be  a  natural 
fall  of  10  feet,  which,  with  a  dam,  could  be  greatly  increased. 

Cane  creeky  which  rises  on  the  south  side  of  Eoan  mountain  and  flows 
westward  for  a  distance  of  about  10  miles,  joins  Toe  river  about  3  miles 
west  of  Bakersville.  For  one  or  more  miles  above  its  junction  with  the 
river  it  runs  in  a  deep,  narrow  gorge  with  rocky  sides,  and  is  said  to 
have  a  fall  of  more  than  60  feet  in  a  distance  of  less  than  a  quarter  of 
a  mile. 


CHAPTER  XII. 
THE  FRENCH  BEOAD  AND  PIGEON  RIVERS/ 

TSE  PBSNCH  BBOAD  BIVEB  AND  TBJBXJTAJBIEB, 

The  Erench  Broad  river  rises  on  the  eastern  slope  of  Tennessee  Ridge 
which  lies  between  Jackson  and  Transylvania  counties,  and  flows  in  a 
general  northeasterly  course  across  Transylvania  and  Henderson  coun- 
ties for  a  distance  of  about  80  miles,  and  thence  northward  across  Bun- 
combe county  for  a  distance  of  something  more  than  20  miles;  thence 
across  Madison  coimty  for  a  distance  of  20  miles,  across  Great  Smoky 
moimtains  at  Paint  Rock  into  eastern  Tennessee,  where  it  joins  the 
Nolechucky,  the  Holston  and  the  Tennessee,  flowing  thence  into  the 
Mississippi  and  the  Gulf. 

The  drainage  area  of  the  riyer  al)ove  Asheville  is  987  square  miles, 
and  the  total  drainage  area  in  North  Cfl5rolina  is  1745  square  miles.  Of 
this,  according  to  the  statistics  of  the  tenth  census  (1880)  at  that  time, 
191,000  acres  were  in  cultivation,  41,000  acres  in  grass  and  879,000 
acres,  or  78  per  cent,  of  the  whole,  were  still  forest-covered.  The  total 
annual  rainfall  of  this  basin  as  represented  by  the  station  at  Asheville 
is  42.6  inches,  distributed  as  follows:  spring,  11.7;  summer,  13.8; 
autumn,  7.7;  ^vinter,  9.4  inches.  The  soil  of  the  entire  basin  is  deep 
and  fertile,  and  is  generally  loose  and  porous,  being  a  sandy  and  gravelly 
loam.  The  lands  along  the  valley  of  the  French  Broad  in  Transylvania 
and  Henderson  counties  are  among  the  finest  in  the  state.  Through 
Buncombe  and  Madison  counties  the  river  for  the  most  part  runs  through 
a  deep  gorge  with  but  little  land  bordering  it  which  can  be  cultivated, 
but  on  the  hills  back  from  the  river  there  are  many  cultivated  acres 
which  yield  abundant  crops  of  tobacco,  corn,  wheat,  oats  and  rye. 
Throughout  the  upper  portion  of  the  stream,  while  the  current  is  not 
sluggish  as  compared  with  streams  in  the  coastal  plain  region,  it  is 
not  rapid  as  compared  with  other  mountain  streams.  Its  descent  is 
fairly  uniform,  and  no  waterpowers  have  been  developed,  nor  are  the 
conditions  there  favorable  for  waterpower  development.  At  a  few 
places,  however,  where  the  river  passes  through  a  narrow,  rock-bound 
gorge,  permanent  dams  could  be  easily  constructed  which  would  yield 
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waterpowers  of  considerable  magnitude.  From  Asheville  to  Paint  Rock 
the  river  flows  as  a  rapid  current  for  the  entii-e  distance  in  a  rocky 
gorge,  the  depth  of  which  increases  as  the  Tennessee  line  is  approached, 
where  the  river  makes  its  way  across  the  Smoky  Mountain  ridge. 

For  measurements  of  the  flow  of  the  French  Broad  river  at  Asheville 
see  pp.  322-326. 

WATERPOWER   ON    THE    FRENCH    BROAD    RIVER. 

The  total  descent  of  the  river  from  Asheville  to  Paint  Rock  is  710 
feet.  While  this  descent  is  fairly  uniform,  yet  at  several  places  there 
are  shoals  of  greater  or  lees  pronunence.  A  serious  difficulty  in  the 
way  of  developing  these  shoals  into  waterpowers  is  that  throughout  this 
distance  the  river  is  closely  followed  by  the  "Western  North  Carolina 
division  of  the  Southern  Railway,  the  track  being  for  the  most  part 
only  a  few  feet  above  high  water.  The  more  prominent  of  these  shoals 
are  the  following: 

From  the  Tennessee  line  up  to  Hot  Springs,  a  distance  of  about  6 
miles,  the  total  fall  in  the  river  is  59  feet,  an  average  fall  of  9.8  feet 
per  mile.  This  fall  is  well  distributed,  the  river  being  smooth,  running 
between  stretches  of  bottom-land  and  having  no  shoals  worthy  of 
mention. 

The  first  shoal  on  the  river  is  a  small  shoal  just  above  the  bridge  across 
the  river  at  Hot  Springs.  The  shoal  has  but  small  fall  and  is  of  no 
importance. 

Above  Hot  Springs  the  character  of  the  river  changes  abruptly. 
From  a  smooth,  though  rapid,  stream  it  suddenly  becomes  a  dashing 
mountain  torrent,  running  between  high  hills  on  either  side,  its  bed 
obstructed  by  ledges  of  rock  that  project  in  jagged  ridges  across  the 
stream.  There  are  also  several  small  islands  and  lai^e  numbers  of  huge 
boulders,  and  in  places  the  river  becomes  very  wide.  In  the  7.7  miles 
between  Hot  Springs  and  the  mouth  of  Brush  creek  the  fall  is  201  feet, 
an  average  fall  of  26.1  feet  to  the  mile,  and  this  may  be  called  practi- 
cally one  shoal.  At  intervals,  however,  the  fall  within  this  distance  is 
much  more  concentrated,  and  there  is  even  one  short  space  where  the 
water  appears  sluggish,  just  below  Mountain  island.  Here  the  river  con- 
tracts, just  below  the  lower  end  of  the  island,  to  a  width  of  not  more 
than  60  feet,  and  the  water  is  said  to  be  60  feet  deep. 

Mountain  Island  shoal  is  the  first  shoal  on  the  river  possessing  any 
concentrated  fall.  Here  there  is  a  small  rapid  at  the  lower  end  of  the 
island  and  an  almost  vertical  plunge  at  the  upper  end  of  about  4  feet. 
There  is  also  a  small  amount  of  land  suitable  for  the  erection  of  build- 
ings at  the  lower  end  of  the  island  (Plate  XII). 
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From  the  upper  end  of  the  island  to  the  mouth  of  Brush  creek  the 
river  is  a  continuous  rapid,  but  with  concentration  of  fall  about  as 
follows: 

About  two  miles  above  Mountain  island,  just  below  the  mouth  of  Big 
Laurel  creek  and  for  about  half  a  mile  above  its  mouth,  there  is  a  large 
fall,  estimated  by  eye  alone  as  15  feet  or  more  in  the  half  mile  above  the 
creek  mouth.  There  is  very  little  level  ground  bordering  this  part  of 
the  river,  but  situations  suitable  for  buildings  might  be  found  at  Frisby 
station,  where  also  a  good  dam  site  may  be  foimd. 

For  the  next  mile  the  fall  is  large  but  well  distributed,  there  being 
only  two  small  shoals  noticeable  in  this  distance. 

There  is  a  long  rapid,  with  large  fall  in  tlie  bend  of  the  river,  about 
2  miles  below  Barnard.  The  aggregate  fall  here  is  not  known.  There 
is  but  very  little  room  suitably  situated  for  buildings. 

Below,  and  extending  for  some  distance  above  the  mouth  of  Brush 
creek,  the  bed  of  the  river  seems  to  be  of  solid  rock  for  a  quarter  of  a 
mile;  the  fall  is  large,  the  banks  rocky  and  very  steep,  and  the  river  is 
narrow.  The  conditions  for  the  construction  of  a  dam  are  very  favor- 
able, plenty  of  building  material  being  found  on  the  spot.  Ko  ordinary 
development  of  any  of  these  powers  is  possible,  while  the  railroad  track 
retains  its  present  position,  quite  close  to  the  river  and  only  a  few  feet 
above  the  high-water  level. 

From  the  mouth  of  Brush  creek  to  Ashe\alle,  a  distance  of  29.3  miles, 
the  stream  is  still  very  rapid,  but  the  average  fall  per  mile  is  much  less 
than  in  the  section  of  the  river  from  Brush  creek  to  Hot  Springs.  The 
total  fall  from  Brush  creek  to  Asheville  is  450  feet,  and  the  average 
fall  per  mile  is  15.87  feet. 

This  fall  is  well  distributed,  there  being  very  little  concentration  of 
fall  above  this  point 

Just  below  Barnard  station  there  a  small  shoal  with  good  building 
room  and  a  site  for  a  dam,  but  the  fall  is  not  very  great. 

A  mile  and  a  half  above  Barnard,  and  a  mile  above  the  mouths  of 
Papaw  and  Walnut  creeks,  there  is  a  shoal  which  has  only  a  small  fall, 
but  the  river  is  narrow,  affording  a  good  site  for  a  dam  but  little  room 
for  buildings.     The  river  is  very  rapid  for  half  a  mile  below  this  shoal. 

There  are  small  rapids  above  Alexander  station  and  again  about  3 
miles  above  this  station,  but  there  are  no  very  favorable  sites  for  dams 
and  not  much  space  for  buildings. 

Above  Asheville  the  character  of  the  river  again  changes,  and  from 
a  very  rapid  mountain  stream  it  comes  to  remind  the  observer  of  the 
streams  of  the  eastern  part  of  the  state.  The  bed  of  the  river  is  over- 
laid with  a  stratum  of  coarse  sand  and  gravel,  and  in  general  is  quite 
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smooth,  though  the  cmrent  is  interrupted  at  intervals  by  ledges  and 
boulders.  The  fall  is  very  much  more  gradual  and  evenly  distributed 
than  is  usual  with  mountain  streams.  The  distance  from  Asheville  to 
Brevard  by  river  is  48.35  miles,  and  the  total  fall  only  130.9  feet,  the 
average  fall  per  mile  in  this  distance  being  2.7  feet 

There  are  only  two  shoals  on  this  part  of  the  river  of  more  than  a 
few  inches  fall.  Eight  and  one-half  miles  above  Asheville  is  the  Sandy 
Bottom  shoal,  the  largest  in  this  part  of  the  river.  The  total  fall  is 
22.6  feet  in  about  18,000  feet' 

About  12  miles  above  Asheville,  and  3^  miles  above  the  Sandy 
Bottom  shoal,  is  Long  shoal,  where,  in  12,920  feet,  the  fall  is  18.8  feet 

TBIBUTABIES  OF   THE   FBENOH  BBOAD  BIVEB. 

The  French  Broad  has  a  number  of  tributary  streams  upon  which 
have  been  already  or  can  be  developed  small  waterpowers  by  the  con- 
struction of  dams  across  the  narrow,  rocky  gorges  through  which  these 
streams  make  their  way  to  the  river.  The  more  important  of  these 
are  as  follows: 

Spring  creeky  which  rises  on  the  eastern  slope  of  the  l!^ewfound 
mountains  in  the  extreme  southwestern  portion  of  Madison  county, 
flows  in  a  northerly  direction  and  joins  the  French  Broad  river  at  Hot 
Springs,  above  which  point  it  has  a  total  drainage  area  of  66  square 
miles. 

Laurel  rivery  which  rises  in  the  Bald  mountains  in  the  extreme 
northeastern  comer  of  Madison  county,  flows  in  a  southwesterly  course 
and  joins  the  French  Broad  about  1^  miles  above  Hot  Springs,  having 
a  drainage  area  of  141  square  miles. 

Ivy  river,  the  next  of  the  important  tributaries  in  the  ascending 
order,  rises  on  the  western  slopes  of  the  Craggy  mountains  near  Yates 
Knob  and,  flowing  in  a  general  westerly  course,  joins  the  French  Broad 
river  a  little  more  than  2^  miles  above  Marshall,  having  a  total  drainage 
area  of  176  square  miles.  On  this  stream  there  are  several  shoals, 
which,  though  not  of  great  importance,  are  yet  deserving  of  mention  in 
this  connection. 

One  mile  above  the  mouth  of  the  stream  there  is  a  natural  fall  of  6 
feet  in  a  distance  of  200  feet,  and  there  is  an  excellent  location  for  a 
dam  on  solid  rock  where  most  of  the  fall  is  concentrated.  The  width 
of  the  stream  here  is  60  to  70  feet  The  adjacent  ground  is  not  very 
satisfactory  for  large  building  sites,  but  the  power  can  be  easily  trans- 
mitted electrically  to  the  town  of  Marshall  only  a  few  miles  distant 

'  The  information  concerning'  the  shoals  between  Asheville  and  Brevard  was  obtained  from 
the  Annual  Report,  Chief  of  EnirJneers,  1876,  p.  T22. 
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On  Big  Ivy,  just  above  the  mouth  of  Little  Ivy,  there  is  a  grist-  and 
saw-mill,  located  on  a  good  site,  with  a  dam  about  8  feet  high,  giving  a 
fall  of  10  feet  Below  this  the  stream  is  rapid  and  descends  rapidly,  so 
that  this  fall  could  doubtless  be  increased. 

At  Democrat  post-office,  one  mile  above  the  Bumsville  road,  there  is 
a  grist-mill,  located  on  a  good  site,  with  a  10-foot  log  dam.  This  power 
might  be  considerably  improved  by  adding  the  2  feet  fall  just  below  the 
dam  and  in  other  ways.  There  is  a  suitable  place  for  building  just  at 
or  near  the  dam. 

On  the  Middle  fork  of  Little  Ivy  river,  just  at  its  junction  with  Paint 
fork,  there  is  a  mill  with  an  overshot  wheel  using  about  15  feet  fall. 

Sandy  Mush  creek^  which  is  joined  by  the  Turkey  creek,  both  having 
their  rise  in  the  slopes  of  Xewfoimd  moimtains  in  the  western  part 
of  Buncombe  county,  flows  in  a  northeasterly  course  and  joins  the 
French  Broad  at  the  west  side  of  the  river  at  a  point  about  4rJ  miles  above 
Marshall.     It  has  a  total  drainage  area  of  86  square  miles. 

The  Swannanoa  river^  which  rises  against  the  southern  end  of  the 
Black  mountains  between  the  Craggies  and  the  Blue  Eidge  and  flows 
thence  in  a  general  southwesterly  course,  joins  the  French  Broad  about 
a  mile  above  Asheville,  having  a  total  drainage  area  of  132  square 
miles.  The  only  power  on  this  stream  worthy  of  mention  is  that  a  few 
miles  above  the  mouth,  which  is  now  being  utilized  by  the  Asheville 
city  authorities  to  pump  the  water  supply  up  to  the  city  reservoir. 

Hominy  creek  rises  near  the  southern  end  of  Newfound  Mountain 
ridge,  a  few  miles  east  of  Canton,  in  Haywood  county,  and 
flowing  eastward  joins  the  French  Broad  about  2  miles  above  the  mouth 
of  the  Swannanoa,  having  a  total  drainage  area  of  93  square  miles. 
On  its  course  there  are  several  shoals  and  2  or  3  small  mills,  but  none  of 
great  importance.  A  short  distance  above  its  mouth  its  lai^est  power 
has  been  improved  and  is  used  for  developing  electricity  by  one  of  the 
Asheville  street  railway  companies.  There  is  here  a  total  fall  of  30 
feet,  and  it  is  reported  that  300  horsepower  is  used  during  the  larger 
portion  of  the  year. 

Cane  creek,  the  next  above,  rises  on  the  western  slope  of  the  Blue 
Ridge  just  south  of  Swannanoa  Gap,  and,  flowing  in  a  north- 
westerly course,  joins  the  French  Broad  river  on  the  east  between  Hen- 
derson and  Buncombe  counties.  It  has  a  total  drainage  area  of  90 
square  miles. 

Muddy  creek,  which  enters  the  French  Broad  a  few  miles  above  the 
last-mentioned,  rises  in  the  Blue  Ridge  some  miles  to  the  southwest  of 
Hendersonville  and  flows  first  in  a  northerly  and  then  a  northwesterly 
direction,  having  a  total  drainage  area  of  113  square  miles. 
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Mills  rivevy  which  enters  the  French  Broad  on  the  west,  nearly 
half  a  mile  above  the  mouth  of  Muddy  creek,  rises  on  the  southern 
slopes  of  the  Pisgah  mountains  and  flows  in  a  general  easterly  course, 
having  a  total  drainage  area  of  74  square  miles. 

PiaEON  BIVEB. 

Pigeon  river  rises  in  the  extreme  southern  portion  of  Haywood 
county  and  against  the  northern  and  eastern  slopes  of  the  southern  end 
of  the  Balsam  mountains  near  their  junction  with  Tennessee  ridge;  it 
flows  thence  in  a  northerly  course  for  a  distance  of  some  20  miles,  when 
it  crosses  the  Murphy  division  of  the  Western  North  Carolina  railroad 
at  Canton.  Thence  it  flows  westerly  for  a  distance  of  about  10  miles, 
and  then  northwesterly  about  25  miles  to  the  Tennessee  border,  where 
it  breaks  across  the  Great  Smoky  mountains  in  a  deep,  rocky  and  inac- 
cessible gorge.  From  this  point  it  flows  on  in  a  northwesterly  course 
for  a  distance  of  some  25  miles  more,  where  it  joins  the  French  Broad, 
and  its  water  ultimately  reaches  the  Gulf  through  the  Tennessee  and 
the  Mississippi. 

Where  this  river  is  crossed  by  the  Western  North  Carolina  railroad 
at  Canton  it  is  to  be  seen  as  a  rather  quiet,  placid  stream,  and  it  main- 
tains this  character  to  a  greater  or  less  degree  for  a  distance  of  10  to 
15  miles  below  this  point  Lower  down,  however,  and  on  to  where  it 
crosses  the  state  line  into  Tennessee,  it  becomes  a  rapid,  rushing  stream, 
flowing  in  a  deep,  narrow,  rock-bound  gorge.  The  total  distance  from 
Canton  to  the  Tennessee  line,  following  the  windings  of  the  river,  is 
not  much  short  of  50  miles,  and  in  this  distance  its  aggregate  fall  is 
approximately  1300  feet,  or  26  feet  to  the  mile. 

Just  above  its  junction  with  Eichland  creek  it  has  a  drainage  basin 
of  268  square  miles.  It  has  a  total  drainage  area  above  the  Tennessee 
line  of  572  square  miles.  Of  this  total  area  in  1880,  40,000  acres  were 
reported  as  being  in  cultivation,  11,000  acres  in  grass,  and  315,000 
acres,  or  about  86  per  cent  of  the  total  area,  were  still  forestrcovered. 
The  total  rainfall  of  the  basin  for  the  year  as  determined  by  a  single 
station  at  Waynesville,  observations  at  which  extend  over  between  3 
and  4  years,  is  given  by  the  United  States  Weather  Bureau  as  48.4 
inches,  distributed  as  follows:  spring,  13.7;  summer,  16.6;  autumn,  7.5; 
winter,  10.6  inches. 

WATBEPOWER  ON  PIOBON  HTVEB. 

But  few  waterpowers  on  this  stream  have  been  developed,  and  there 
are  but  few  shoals  about  which  much  is  known.  From  the  Tennessee 
line,  up  the  stream  for  20  or  25  miles  following  its  windings,  the  river 
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gorge  is  deep,  narrow  and  irregular.  The  country  is  exceedingly  rugged 
and  inaccessible,  and  the  stream  is  almost  a  continuous  rapid.  At  a 
number  of  points  the  conditions  are  favorable  for  the  construction  of 
dams,  which  would  yield  a  fall  of  water  varying  with  the  height  of  the 
dam,  and  while  at  most  of  these  points  there  is  no  space  available 
for  extensive  buildings,  the  power  could  be  easily  transmitted  to 
Waynesville  by  electricity  and  there  used  in  manufacturing  enterprises. 
Further  up  the  river  the  first  shoal  to  be  met  with  is  one  located  about 
three-quarters  of  a  mile  below  the  mouth  of  Crabtree  creek,  where 
there  is  a  fall  of  about  di  feet  in  a  distance  of  400  feet,  but  as  there 
is  here  no  place  suitable  for  the  construction  of  a  dam,  the  power  is  not 
a  promising  one  for  development. 

About  3  miles  below  Clyde  there  is  another  small  shoal  now  occupied 
by  a  small  grist-mill.  The  development  here  consists  of  an  ordinary 
log  dam  4  feet  in  height,  built  across  the  top  of  the  shoal.  The  mill  is 
operated  by  an  undershot  wheel,  which  uses  only  a  small  portion  of 
the  water  available. 

About  one-half  mile  below  Clyde  there  is  still  another  small  shoal, 
partially  developed  for  the  operation  of  a  saw-  and  grist-miU.  There 
is  here  a  log  dam  8  feet  high,  and,  as  in  the  last-mentioned  case,  this 
mill  uses  only  about  half  of  the  water  at  the  period  of  the  lowest  flow. 

At  a  point  1^  miles  above  Canton  there  is  said  to  be  a  fall  of  several 
feet  in  a  short  distance,  where  the  conditions  are  quite  favorable  for  the 
construction  of  a  dam,  which  would  increase  this  fall  considerably. 
Still  further  up  the  river  there  are  a  number  of  shoals  where  small 
waterpowers  may  be  developed  for  the  operation  of  small  grist-  and  saw- 
mills. 

On  the  three  principal  tributaries  lying  on  the  west  side  of  the  river 
— Cataluche,  Jonathan  and  Eichland  creeks — ^there  are  also  a  number 
of  small  shoals  capable  of  being  developed  to  powers  either  for  local 
use  or  for  transmission,  electrically,  to  Waynesville. 


CHAPTER  XIII. 
THE  TENNESSEE  AND  HIWASSEE  MVERS/ 

THE  TENNE8SBB  BIVEB  AND  TBIBUTABIEB. 

The  Tennessee  river  is  the  largest  of  the  North  Carolina  streams  west 
of  the  Blue  Bidge,  being  slightly  larger  than  the  French  Broad.  It 
rises  on  the  north  slope  of  the  Blue  Kidge  in  Eabun  county,  Georgia, 
and  flows  in  a  general  northerly  course  across  Macon  and  a  portion  of 
Swain  county  to  a  point  about  10  miles  east  of  Bryson  City,  where  it  is 
joined  by  the  Tuckaseegee  river  and  flows  in  a  general  westerly  course, 
forming  the  line  between  Swain  and  Graham  counties^  and,  like  the 
mountain  streams  already  described,  crosses  the  Great  Smoky  moun- 
tains in  a  deep,  narrow,  rocky  gorge*  From  this  point  the  river  flows 
in  a  northwesterly  course  for  a  distance  of  40  to  50  miles,  to  where  it 
joins  the  Holston,  and  thence  flows  to  and  through  the  Mississippi  to 
the  Gulf.  The  total  drainage  area  of  the  river  basin  above  the  Ten- 
nessee line  is  1881  square  miles,  of  which,  according  to  the  United 
States  Census  Report  in  1880,  there  were  83,000  acres  of  land  in  cul- 
tivation, 11,000  acres  in  grass,  and  1,078,000  acres,  or  90  per  cent,  of 
the  whole,  in  forests.  The  total  rainfall  of  the  year  in  this  region  is 
given  by  the  United  States  Weather  Bureau  as  62.2  inches,  distributed 
as  follows:  spring,  14.6;  summer,  17.6;  autumn,  12.7;  winter,  17.4 
inches.  In  most  of  these  mountainous  counties  autumn  is  the  driest 
season.  The  soil  of  this  region  is  deep  and  fertile,  being  well  adapted 
to  the  grasses,  cereals  and  tobacco.  It  contains  a  larger  portion  of 
clay  than  is  found  in  some  of  the  more  northeastern  moimtain  counties, 
but  still  may  be  fairly  considered  as  a  loam.  The  basin  contains  numer- 
ous valuable  mineral  deposits,  notably  the  mica  and  corundum  deposits 
in  Jackson  and  Macon  counties. 

Throughout  the  larger  portion  of  its  course  from  the  Georgia  line  to 
Franklin,  the  river  is,  for  this  region,  a  rather  sluggish  stream  with  occa- 
sional shoals,  but  from  five  miles  below  Franklin  to  beyond  the  Ten- 
nessee line,  it  runs  through  a  deep  gorge  with  rock  bottom  and  sides,  and 
for  this  entire  distance  is  practically  a  succession  of  shoah.  A  few 
important  waterpowers  have  already  been  developed,  but  there  are  a 

1  By  E.  W.  Myers  and  J.  V.  Lewis. 
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niunber  of  places  where  the  conditions  are  favorable  for  the  develop- 
ment of  much  larger  powers,  as  shown  by  the  following  notes. 

For  15  miles  below  Kocky  Point  ferry  the  river  plunges  through  a  deep 
gorge  formed  by  the  spur  of  the  Bald  mountain  on  the  north  and  the 
Unicoi  mountains  on  the  south,  the  stream  varying  in  width  from  30  to 
160  yards,  and  the  fall  from  10  to  40  feet  per  mile.  From  Rocky 
Point  ferry  up  to  the  mouth  of  the  Tuckaseegee  river,  a  distance  of 
about  23  miles,  the  mountains  dwindle  gradually,  the  river  becomes 
broader  and  the  fall  diminishes  to  an  average  of  about  15  feet  per  mile. 

The  character  of  the  river  bed  for  the  larger  part  of  its  course  in 
North  Carolina  is  practically  uniform.  It  is  crossed  by  bodies  of 
gneissic,  schistose  and  slaty  rock,  in  some  places  flat  and  in  other  places 
inclined  at  steep  angles.  The  variations  in  the  rock  are  not  great 
enough  nor  abrupt  enough  to  produce  vertical  falls  of  great  height,  but 
suflicient  to  produce  here  and  there  numerous  small  rapids  and  plunges 
of  from  6  inches  to  2  feet  each,  giving  an  aggregate  fall  of  from  10  to 
40  feet  per  mile. 

Table  of  Declivity  in  North  CakolikaJ 


Locality. 

Distance. 

Altitude. 

FaU 
per  mile. 

State  line 

0.0 
5.0 
19.0 
35.0 
59.5 
80.0 

1224 
1306 
1512 
1745 
2055 
2240 

Roclcy  Point   

16.5 

Cslhonns   

Alarks  creek 

15.0 
14.0 

Franklin  ford 

18.0 

State  line  (Georgia  and  North  Carolina)  . 

9,66 

Average  fall  per  mile  in  North  Carolina  13.5  feet. 
For  measurements  of  the  flow  of  the  Little  Tennessee  river  at  Judson, 
4  miles  above  its  junction  with  the  Tuckaseegee,  see  pp.  329  to  331. 

WATERPOWER  ON  THE  TENNESSEE  RIVER. 

The  first  4  miles  of  the  river  up  from  the  Tennessee  line  lies  in  a 
deep,  rocky  gorge,  through  which  it  passes  as  a  succession  of  rapids. 
The  volume  of  water  and  the  fall  are  ample  for  large  possibilities  in 
waterpower  development,  but  the  rocky  walls  of  the  stream  are  so  steep 
and  high,  the  gorge  so  narrow,  and  the  region  so  rugged  as  to  be  quite 
inaccessible.  The  first  accessible  shoal  of  importance  is  half  a  mile 
above  Rocky  Point  ferry  and  just  below  the  mouth  of  Twenty-mile 


*  See  Annual  Report,  Chief  of  Engineers,  1876,  p.  716. 
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creek;  it  has  a  fall  of  about  5^  feet  in  a  distance  of  200  yards.  The 
river  here  is  quite  narrow,  not  being  more  than  40  feet  wide  in  portions 
of  the  shoal.  At  the  head  of  the  shoal  it  is  considerably  wider,  though 
there  are  good  abutments  and  foundation  for  a  dam.  There  is  also  an 
abundance  of  space  for  buildings. 

Three-fourths  of  a  mile  above  Twenty-mile  creek  there  is  a  rapid 
with  a  fall  of  about  4  feet  in  100  feet  Here  the  rocky  banks  of  the 
river  are  so  steep  and  high  that  a  dam  100  feet  high  would  not  be  over 
300  feet  long  at  the  top.  Stone  for  the  construction  of  such  a  dam 
and  for  other  purposes  is  abundant  in  the  vicinity,  but  there  is  no  space 
for  buildings.  There  are  the  possibilities  here  for  a  waterpower  of 
considerable  magnitude. 

About  a  mile  above  this  last,  and  just  below  Fairfax  post-office,  there 
is  a  rapid  with  a  fall  of  about  5  feet,  distributed  somewhat  uniformly 
through  a  distance  of  250  yards.  The  river  is  quite  wide  here,  how- 
ever, and  the  country  is  exceedingly  rough.  A  dam  could  be  built 
almost  anywhere  on  the  shoal,  but  there  is  no  suitable  building  space 
for  a  mill. 

Half  a  mile  above  this  shoal,  and  again  one  mile  above  it,  there  are 
rapids  of  small  fall,  extending  over  considerable  distances,  and  not, 
therefore,  of  much  importance. 

About  2  miles  above  Fairfax  there  is  a  better  rapid,  having  more 
fall  than  the  last-mentioned  and  a  little  space  for  buildings,  but  the 
channel  is  quite  broad,  and  the  locality  is  not  regarded  of  much  im- 
portance as  a  waterpower  possibility. 

During  the  next  7  miles  up  the  river  there  are  no  shoals  with  any 
important  concentrated  natural  fall,  though  there  are  a  number  of  places 
where  dams  might  be  built  and  powers  developed,  the  current  being 
sufficiently  rapid  to  prevent  the  accumulation  of  water  below  the  dams 
in  time  of  freshets. 

About  a  quarter  of  a  mile  above  the  mouth  of  Hazel  creek  there  is  a 
rapid  having  a  natural  fall  of  about  four  feet  in  two  hundred  yards, 
and  consisting  of  two  equal  parts  separated  by  about  a  hundred  yards 
of  smooth  water.  Neither  place  is  suitable  for  building  a  dam,  as  the 
banks  are  not  good,  the  south  bank  in  particular  being  bad,  and  besides 
the  river  here  is  quite  wide. 

From  this  point  to  about  one  and  a  quarter  miles  above  Wayside  post- 
office,  a  distance  of  about  one  and  three-quarter  miles,  the  river  is  very 
placid,  running  smoothly  and  containing  no  rapids  to  speak  of.  One 
and  a  fourth  miles  above  Wayside  there  is  a  small  rapid  having  a  fall 
of  about  18  inches  in  200  to  250  feet.  The  river  is  broad,  however, 
and  neither  bank  is  good,  nor  is  there  much  level  room  for  building, 
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80  that  the  shoal  is  practically  of  no  importance.  There  are  two  rapids 
between  this  place  and  Bushnell,  but  they  are  small  and  of  little 
interest 

From  the  mouth  of  the  Tuckaseegee  river,  at  Bushnell  to  the  mouth 
of  the  Nantahala  river,  a  distance  of  about  7  miles,  the  stream  is 
very  rapid  and  there  are  available  places  for  dams,  bu(  there  are  no 
shoals  of  any  consequence,  and  the  railroad  follows  the  river  so  closely 
that  it  would  be  impracticable  to  utilize  fully  any  power  that  might  lie 
in  this  section  of  it  For  the  five  miles  above  the  junction  with  the  Nan- 
tahala  the  stream  was  not  examined,  but  it  is  said  to  be  of  about  l^e 
same  general  character  as  the  five  miles  below  this  point. 

Five  miles  above  the  mouth  of  the  Nantahala  we  found  a  small  shoal 
having  a  fall  of  about  two  feet  in  one  hundred.  There  is  good  foun- 
dation for  a  dam  and  rock  abutments  on  the  banks,  but  the  space  for 
buildings  is  small. 

From  this  point  to  the  mouth  of  Brush  creek,  a  distance  of  some- 
thing over  four  miles,  the  river  is  quite  rapid  and  shoaly,  but  there  are 
no  large  concentrated  natural  falls. 

At  the  mouth  of  Brush  creek  the  river  divides  and  includes  an  island 
about  a  quarter  of  a  mile  long.  On  the  east  side  of  the  island  there  is 
a  shoal  having  ample  fall  for  fair  power  development,  but  the  location 
is  not  favorable  for  a  permanent  dam.  On  the  west  side,  and  at  the 
foot  of  the  island,  there  is  now  a  small  saw-  and  grist-mill,  using  a  head 
of  about  six  feet,  produced  by  a  log  dam  of  the  same  height  built  at  the 
foot  of  the  shoal.  Also,  just  above  the  mouth  of  Brush  creek,  there  is 
a  small  shoal,  but  of  no  particular  importance. 

Two  miles  and  a  half  above  the  mouth  of  Brush  creek,  and  about 
fourteen  miles  from  Franklin,  there  is  a  shoal  having  a  natural  fall  of 
about  two  feet  with  a  good  site  for  a  dam  and  an  ample  space  for  build- 
ings. 

Then,  for  the  distance  of  about  one  mile,  the  river  is  comparatively 
placid  and  sluggish.  Above  this  for  about  a  mile  or  a  mile  and  a  half, 
there  is  a  rapid  consisting  of  a  series  of  small  cascades  100  to  150  yards 
apart,  none  of  them  having  separately  a  fall  of  more  than  a  foot. 

For  a  distance  of  about  three  miles  there  is  very  little  fall  in  the 
river,  and  the  only  shoal  is  a  mile  below  the  mouth  of  Cowee  creek  and 
ten  miles  from  Franklin.  This  shoal  has  a  fall  of  about  one  foot  over 
a  solid  rock  ledge  extending  entirely  across  the  river  and  giving  good 
foundation  for  dam  and  a  good  abutment  on  the  north  side,  but  on  the 
south  side  the  conditions  are  not  so  favorable.  There  is,  however, 
ample  space  for  buildings. 

About  a  quarter  of  a  mile  below  the  mouth  of  Watauga  creek  there 
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is  a  small  shoal  with  a  fall  of  about  one  foot,  but  the  rock  in  the  bed  of 
the  stream  is  not  favorable  for  the  foundations  and  abutments  of  a  dam. 

Just  above  the  mouth  of  lola  creek,  and  about  5  miles  from  Franklin^ 
there  is  a  small  shoal  with  a  little  fall  consisting  of  rock  ledges  across  the 
river,  and  there  is  plenty  of  good  building  room,  but  the  banks  are  not 
favorable  for  a  dam. 

Above  this  point  the  river  is  comparatively  of  gentle  grade,  and  there 
are  no  available  waterpowers. 

A  discharge  measurement  at  Franklin,  September  18,  1895,  gave 
426.9  cubic  feet  per  second,  equivalent  to  48.5  horsepower  per  foot 
fall.     The  measurement  was  made  at  low  water. 

TBIBUTABIES   07   THE   TENNESSEE   BTVEB. 

The  Tennessee  has  numerous  tributary  streams  in  North  Carolina, 
one  of  which,  the  Tuckaseegee,  has  a  drainage  basin  above  the  junction 
of  the  two  slightly  larger  than  that  of  the  Tennessee.  The  more  im- 
portant of  these  tributaries  are  the  Cheowah,  the  Tuckaseegee,  the  Nan- 
tahala,  and  numerous  smaller  streams.  These  more  important  tribu- 
taries, together  with  their  possible  waterpower  development,  may  be 
briefly  described  as  follows:  ^j 

THE  CHEOWAH  RIVER. 

The  Cheowah  river  rises  on  the  western  slopes  of  the  Long  Eidge 
mountains  in  the  neighborhood  of  Eed  Marble  gap  in  the  extreme  south- 
western comer  of  Graham  county.  Thence  it  flows  in  a  general  north- 
westerly and  northerly  course,  joining  the  Tennessee  river  2  or  8  miles 
above  the  state  line.  Its  drainage  basin  embraces  219  square  miles, 
lying  between  the  Cheowah  mountains  on  the  north,  Long  Eidge  on  the 
south,  and  the  Unicoi  mountains  on  the  west,  and  is  fed  by  numerous 
small  mountain  streams.  Owing  to  the  fact  that  more  than  80  per  cent, 
of  the  region  is  still  forest-covered  and  the  soil  is  deep  and  porous,  the 
water  in  this  region  has  a  fairly  uniform  flow. 

The  total  fall  in  the  river  from  the  forks  to  the  mouth  is  about  780 
feet,  the  distance  in  a  straight  line  about  9  miles,  following  the  course 
of  the  river  about  14  miles,  and  the  average  fall  per  mile  between  55 
and  60  feet. 

For  about  6  miles  up  from  its  mouth  this  river  has  not  been  carefully 
examined.  It  runs  through  a  deep,  rugged  gorge,  and  is  a  succes- 
sion of  shoals  and  rapids  for  the  lower  7  or  7^  miles  of  its  course.  The 
first  place  at  which  the  river  was  observed  was  about  6  miles  from  its 
mouth  and  about  one  mile  below  the  mouth  of  Cochran  creek.  The 
river  was  one  continuous  rapid,  with  a  fall  of  not  less  than  50  feet  in 
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80  that  the  shoal  is  practically  of  no  importance.  There  are  two  rapids 
between  this  place  and  Bushnell^  but  they  are  small  and  of  little 
interest. 

From  the  mouth  of  the  Tuckaseegee  river,  at  BushneU  to  the  mouth 
of  the  Nantahala  river,  a  distance  of  about  7  miles,  the  stream  is 
very  rapid  and  there  are  available  places  for  dams,  bu(  there  are  no 
shoals  of  any  consequence,  and  the  railroad  follows  the  river  so  closely 
that  it  would  be  impracticable  to  utilize  fully  any  power  that  might  lie 
in  this  section  of  it.  For  the  five  miles  above  the  junction  with  the  Nan- 
tahala the  stream  was  not  examined,  but  it  is  said  to  be  of  about  the 
same  general  character  as  the  five  miles  below  this  point. 

Five  miles  above  the  mouth  of  the  Nantahala  we  found  a  small  ahoal 
having  a  fall  of  about  two  feet  in  one  hundred.  There  is  good  foun- 
dation for  a  dam  and  rock  abutments  on  the  banks,  but  the  space  for 
buildings  is  small. 

From  this  point  to  the  mouth  of  Brush  creek,  a  distance  of  some- 
thing over  four  miles,  the  river  is  quite  rapid  and  shoaly,  but  there  are 
no  large  concentrated  natural  falls. 

At  the  mouth  of  Brush  creek  the  river  divides  and  includes  an  island 
about  a  quarter  of  a  mile  long.  On  the  east  side  of  the  island  there  is 
a  shoal  having  ample  fall  for  fair  power  development,  but  the  location 
is  not  favorable  for  a  permanent  dam.  On  the  west  side,  and  at  the 
foot  of  the  island,  there  is  now  a  small  saw-  and  grist-mill,  using  a  head 
of  about  six  feet,  produced  by  a  log  dam  of  the  same  height  built  at  the 
foot  of  the  shoal.  Also,  just  above  the  mouth  of  Brush  creek,  there  is 
a  small  shoal,  but  of  no  particular  importance. 

Two  miles  and  a  half  above  the  mouth  of  Brush  creek,  and  about 
fourteen  miles  from  Franklin,  there  is  a  shoal  having  a  natural  fall  of 
about  two  feet  with  a  good  site  for  a  dam  and  an  ample  space  for  build- 
ings. 

Then,  for  the  distance  of  about  one  mile,  the  river  is  comparatively 
placid  and  sluggish.  Above  this  for  about  a  mile  or  a  mile  and  a  half, 
there  is  a  rapid  consisting  of  a  series  of  small  cascades  100  to  150  yards 
apart,  none  of  them  having  separately  a  fall  of  more  than  a  foot. 

For  a  distance  of  about  three  miles  there  is  very  little  fall  in  the 
river,  and  the  only  shoal  is  a  mile  below  the  mouth  of  Cowee  creek  and 
ten  miles  from  Franklin.  This  shoal  has  a  fall  of  about  one  foot  over 
a  solid  rock  ledge  extending  entirely  across  the  river  and  giving  good 
foundation  for  dam  and  a  good  abutment  on  the  north  side,  but  on  the 
south  side  the  conditions  are  not  so  favorable.  There  is,  however, 
ample  space  for  buildings. 

About  a  quarter  of  a  mile  below  the  mouth  of  Watauga  creek  there 
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is  a  small  shoal  with  a  fall  of  about  one  foot,  but  the  rock  in  the  bed  of 
the  stream  is  not  favorable  for  the  foundations  and  abutments  of  a  dam. 

Just  above  the  mouth  of  lola  creek,  and  about  5  miles  from  Franklin, 
there  is  a  small  shoal  with  a  little  fall  consisting  of  rock  ledges  across  the 
river,  and  there  is  plenty  of  good  building  room,  but  the  banks  are  not 
favorable  for  a  dam. 

Above  this  point  the  river  is  comparatively  of  gentle  grade,  and  there 
are  no  available  waterpowers. 

A  discharge  measurement  at  Franklin,  September  13,  1895,  gave 
426.9  cubic  feet  per  second,  equivalent  to  48.5  horsepower  per  foot 
fall.     The  measurement  was  made  at  low  water. 

TBIBX7TASIE8   OF  THE   TENNESSEE   BTVEB. 

The  Tennessee  has  numerous  tributary  streams  in  North  Carolina, 
one  of  which,  the  Tuckaseegee,  has  a  drainage  basin  above  the  junction 
of  the  two  slightly  larger  than  that  of  the  Tennessee.  The  more  im- 
portant of  these  tributaries  are  the  Cheowah,  the  Tuckaseegee,  the  Nan- 
tahala,  and  numerous  smaller  streams.  These  more  important  tribu- 
taries, together  with  their  possible  waterpower  development,  may  be 
briefly  described  as  follows:  ^; 

THE  CHEOWAH  RIVER. 

The  Cheowah  river  rises  on  the  western  slopes  of  the  Long  Ridge 
mountains  in  the  neighborhood  of  Red  Marble  gap  in  the  extreme  south- 
western comer  of  Graham  county.  Thence  it  flows  in  a  general  north- 
westerly and  northerly  course,  joining  the  Tennessee  river  2  or  8  miles 
above  the  state  line.  Its  drainage  basin  embraces  219  square  miles, 
lying  between  the  Cheowah  mountains  on  the  north,  Long  Ridge  on  the 
south,  and  the  Unicoi  mountains  on  the  west,  and  is  fed  by  numerous 
small  mountain  streams.  Owing  to  the  fact  that  more  than  80  per  cent, 
of  the  region  is  still  forest-covered  and  the  soil  is  deep  and  porous,  the 
water  in  this  region  has  a  fairly  uniform  flow. 

The  total  fall  in  the  river  from  the  forks  to  the  mouth  is  about  780 
feet,  the  distance  in  a  straight  line  about  9  miles,  following  the  course 
of  the  river  about  14  miles,  and  the  average  fall  per  mile  between  55 
and  60  feet. 

For  about  6  miles  up  from  its  mouth  this  river  has  not  been  carefully 
examined.  It  nms  through  a  deep,  rugged  gorge,  and  is  a  succes- 
sion of  shoals  and  rapids  for  the  lower  7  or  7^  miles  of  its  course.  The 
first  place  at  which  the  river  was  observed  was  about  6  miles  from  its 
mouth  and  about  one  mile  below  the  mouth  of  Cochran  creek.  The 
river  was  one  continuous  rapid,  with  a  fall  of  not  less  than  50  feet  in 
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80  that  the  shoal  is  practically  of  no  importance.  There  are  two  rapids 
between  this  place  and  Bushnell,  but  they  are  small  and  of  little 
interest 

From  the  mouth  of  the  Tuckaseegee  river,  at  Bushnell  to  the  mouth 
of  the  Nantahala  river,  a  distance  of  about  7  miles,  the  stream  is 
very  rapid  and  there  are  available  places  for  dams,  bu(  there  are  no 
shoals  of  any  consequence,  and  the  railroad  follows  the  river  so  closely 
that  it  would  be  impracticable  to  utilize  fully  any  power  that  might  lie 
in  this  section  of  it.  For  the  five  miles  above  the  junction  with  the  Nan- 
tahala  the  stream  was  not  examined,  but  it  is  said  to  be  of  about  the 
same  general  character  as  the  five  miles  below  this  point. 

Five  miles  above  the  mouth  of  the  Nantahala  we  found  a  small  shoal 
having  a  fall  of  about  two  feet  in  one  hundred.  There  is  good  foun- 
dation for  a  dam  and  rock  abutments  on  the  banks,  but  the  space  for 
buildings  is  small. 

From  this  point  to  the  mouth  of  Brush  creek,  a  distance  of  some- 
thing over  four  miles,  the  river  is  quite  rapid  and  shoaly,  but  there  are 
no  large  concentrated  natural  falls. 

At  the  mouth  of  Brush  creek  the  river  divides  and  includes  an  island 
about  a  quarter  of  a  mile  long.  On  the  east  side  of  the  island  there  is 
a  shoal  having  ample  fall  for  fair  power  development,  but  the  location 
IS  not  favorable  for  a  permanent  dam.  On  the  west  side,  and  at  the 
foot  of  the  island,  there  is  now  a  small  saw-  and  grist-mill,  using  a  head 
of  about  six  feet,  produced  by  a  log  dam  of  the  same  height  built  at  the 
foot  of  the  shoal.  Also,  just  above  the  mouth  of  Brush  creek,  there  is 
a  small  shoal,  but  of  no  particular  importance. 

Two  miles  and  a  half  above  the  mouth  of  Brush  creek,  and  about 
fourteen  miles  from  Franklin,  there  is  a  shoal  having  a  natural  fall  of 
about  two  feet  with  a  good  site  for  a  dam  and  an  ample  space  for  build- 
ings. 

Then,  for  the  distance  of  about  one  mile,  the  river  is  comparatively 
placid  and  sluggish.  Above  this  for  about  a  mile  or  a  mile  and  a  half, 
there  is  a  rapid  consisting  of  a  series  of  small  cascades  100  to  150  yards 
apart,  none  of  them  having  separately  a  fall  of  more  than  a  foot. 

For  a  distance  of  about  thtee  miles  there  is  very  little  fall  in  the 
river,  and  the  only  shoal  is  a  mile  below  the  mouth  of  Cowee  creek  and 
ten  miles  from  Franklin.  This  shoal  has  a  fall  of  about  one  foot  over 
a  solid  rock  ledge  extending  entirely  across  the  river  and  giving  good 
foundation  for  dam  and  a  good  abutment  on  the  north  side,  but  on  the 
south  side  the  conditions  are  not  so  favorable.  There  is,  however, 
ample  space  for  buildings. 

About  a  quarter  of  a  mile  below  the  mouth  of  Watauga  creek  there 
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is  a  small  shoal  with  a  fall  of  about  one  foot,  but  the  rock  in  the  bed  of 
the  stream  is  not  favorable  for  the  foundations  and  abutments  of  a  dam. 

Just  above  the  mouth  of  lola  creek,  and  about  5  miles  from  Franklin, 
there  is  a  small  shoal  with  a  little  fall  consisting  of  rock  ledges  across  the 
river,  and  there  is  plenty  of  good  building  room,  but  the  banks  are  not 
favorable  for  a  dam. 

Above  this  point  the  river  is  comparatively  of  gentle  grade,  and  there 
are  no  available  waterpowers. 

A  discharge  measurement  at  Franklin,  September  13,  1895,  gave 
426.9  cubic  feet  per  second,  equivalent  to  48.5  horsepower  per  foot 
fall.     The  measurement  was  made  at  low  water. 

TBIBX7TASIE8   OF  THE   TENNESSEE   BTVEB. 

The  Tennessee  has  numerous  tributary  streams  in  North  Carolina, 
one  of  which,  the  Tuckaseegee,  has  a  drainage  basin  above  the  junction 
of  the  two  slightly  larger  than  that  of  the  Tennessee.  The  more  im- 
portant of  these  tributaries  are  the  Cheowah,  the  Tuckaseegee,  the  Nan- 
tahalo,  and  numerous  smaller  streams.  These  more  important  tribu- 
taries, together  with  their  possible  waterpower  development,  may  be 
briefly  described  as  follows:  i 

THE  CHEOWAH  RIVER. 

The  Cheowah  river  rises  on  the  western  slopes  of  the  Long  Ridge 
mountains  in  the  neighborhood  of  Red  Marble  gap  in  the  extreme  south- 
western comer  of  Graham  county.  Thence  it  flows  in  a  general  north- 
westerly and  northerly  course,  joining  the  Tennessee  river  2  or  8  miles 
above  the  state  line.  Its  drainage  basin  embraces  219  square  miles, 
lying  between  the  Cheowah  mountains  on  the  north.  Long  Ridge  on  the 
south,  and  the  Unicoi  mountains  on  the  west,  and  is  fed  by  numerous 
small  mountain  streams.  Owing  to  the  fact  that  more  than  80  per  cent. 
of  the  region  is  still  forest-covered  and  the  soil  is  deep  and  porous,  the 
water  in  this  region  has  a  fairly  uniform  flow. 

The  total  fall  in  the  river  from  the  forks  to  the  mouth  is  about  780 
feet,  the  distance  in  a  straight  line  about  9  miles,  following  the  course 
of  the  river  about  14  miles,  and  the  average  fall  per  mile  between  55 
and  60  feet. 

For  about  6  miles  up  from  its  mouth  this  river  has  not  been  carefully 
examined.  It  runs  through  a  deep,  rugged  gorge,  and  is  a  succes- 
sion of  shoals  and  rapids  for  the  lower  7  or  7^  miles  of  its  course.  The 
first  place  at  which  the  river  was  observed  was  about  6  miles  from  its 
mouth  and  about  one  mile  below  the  mouth  of  Cochran  creek.  The 
river  was  one  continuous  rapid,  with  a  fall  of  not  less  than  50  feet  in 
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a  short  distance,  the  water  being  very  swift.  The  stream  could  be 
dammed  anywhere  and  large  power  secured,  the  amount  of  fall  being 
in  proportion  to  the  height  of  dam  or  the  length  of  race.  Owing  to 
the  depth  and  narrowness  of  the  gorge  there  is  but  little  space  for  any 
buildings  other  than  power-houses,  and  the  power  would  need  to  be 
transmitted  electrically  to  points  on  the  railroad  where  manufacturing 
plants  can  be  located.  There  is  an  especially  good  place  for  a  dam  at 
the  mouth  of  Cochran  creek,  as  the  river  is  there  quite  narrow. 

For  about  half  a  mile  above  this  point  the  river  is  quite  rapid,  but 
contains  no  shoals  of  any  special  importance,  the  only  one  worthy  of 
notice  being  nearly  a  half  mile  above  the  entrance  of  the  creek,  and  this 
one  has  only  about  2  feet  fall,  but  it  has  a  good  site  for  a  dam,  by  which 
the  fall  could  be  decidedly  increased. 

Between  this  point  and  the  mouth  of  Santeetla  creek,  a  distance  of 
about  3  miles,  there  are  2  small  shoals,  the  lower  midway,  with  a  natural 
fall  of  4  feet  in  a  distance  of  160  feet,  and  the  upper  shoal,  half  a  mile 
below  Santeetla  creek,  where  there  is  a  fall  of  about  3  feet  in  100  feet. 
In  both  cases  the  rocky  bed  of  the  stream  and  rocky  walls  of  the  goige 
afford  conditions  favorable  for  building  dams  which  would  greatly 
increase  the  fall,  the  stone  near-by  being  abundant  and  suitable  for  the 
purpose.  At  both  shoals  there  is  also  ample  space  for  the  location  of 
buildings. 

Near  and  above  the  mouth  of  Santeetla  creek  there  is,  in  the  Cheo- 
wah,  a  series  of  little  cascades,  each  from  6  inches  to  one  foot  in  height, 
the  water  flowing  over  a  floor  of  solid  rock  all  the  way  for  a  distance 
of  a  mile  or  more.  Three-quarters  of  a  mile  below  the  mouth  of  East 
Buffalo  creek  there  is  a  shoal  having  a  fall  of  3  feet  in  a  short  distance 
over  a  solid  rock  ledge.  At  this  point  there  is  ample  space  for  necessary 
buildings  and  an  abundance  of  stone  suitable  for  dams  and  building 
purposes. 

Half  a  mile  above  this  there  is  a  shoal  having  a  fall  of  2  feet  in  50 
over  solid  rock  ledges  extending  across  the  river,  and  offering  good 
foundations  and  abutments  for  a  dam;  and  there  is  ample  space  for 
buildings  in  the  vicinity. 

About  three-quarters  of  a  mile  above  the  last-mentioned  point,  and 
half  a  mile  above  the  mouth  of  East  Buffalo  creek,  there  is  a  small  rapid 
having  about  2  feet  fall  in  100  yards,  most  of  the  fall  being  in  2  small 
plunges,  one  at  the  head  and  the  other  at  the  foot  of  the  shoal.  Solid 
rock  ledges  extend  completely  across  the  stream,  and  the  banks  are 
steep  and  rocky,  furnishing  a  good  site  for  a  dam;  and  the  supply  of 
stone  suitable  for  the  construction  of  dams  and  buildings  is  ample  and 
near  at  hand. 
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THE  TUCKASEEGEE  RIVER. 

The  Tuckaseegee  river  rises  on  the  northern  slopes  of  the  Blue  Eidge 
and  the  Tennessee  Eidge  mountains  in  the  southern  part  of  Jackson 
county,  and  flows  in  a  general  northwesterly  course,  thence  across  this 
county  and  the  southern  part  of  Swain  county  to  its  junction  with  the 
Little  Tennessee.  It  has  a  drainage  area  of  833  square  miles.  Above 
the  mouth  of  the  Occoneeluftee  its  drainage  area,  which  lies  almost 
wholly  in  Jackson  county,  embraces  an  area  of  418  square  miles. 

Like  other  mountain  streams,  the  Tuckaseegee,  for  the  larger  portion 
of  its  course,  flows  rapidly  through  a  narrow,  rocky  channel,  and  along 
its  course  there  are  numerous  places  where,  by  the  constniction  of  dams, 
excellent  waterpowers  can  be  developed. 

For  measurements  of  the  flow  of  the  river  at  Bryson  City  see  pp. 
826-828. 

Proceeding  up  the  river,  the  shoals  will  be  named  in  the  order  of 
occurrence: 

About  one  and  one-fourth  miles  above  Bushnell,  where  the  Tucka- 
seegee joins  the  Little  Tennessee,  there  is  a  shoal  having  a  fall  of 
about  7  feet  in  200  yards.  A  dam  could  easily  be  built  here,  although 
the  river  is  wide,  but  there  is  no  level  ground  suitable  for  the  erection  of 
buildings.  There  is  a  somewhat  similar  shoal  about  200  yards  above 
this  place  having  a  fall  of  about  2  feet,  the  two  shoals  in  reality  con- 
stituting the  same  shoal. 

About  one  mile  above  the  last-mentioned  site,  and  just  below  the 
mouth  of  Forneys  creek,  there  is  a  small  shoal  having  only  a  few  inches 
fall  and  is  of  no  importance. 

One-fourth  of  a  mile  above  Forneys  creek  there  is  a  short  shoal  hav- 
ing a  fall  of  about  18  inches  or  2  feet  in  about  50  feet,  caused  by  ledges 
of  rock  extending  straight  across  the  river.  There  is  here  no  place 
where  a  dam  could  be  built  on  account  of  the  railroad  which  is  here  very 
<5loBe  to  the  river.  There,  is  ample  building  room  in  the  bottom  on  the 
west  side  of  the  river  about  20  yards  from  the  top  of  the  shoal. 

A  quarter  of  a  mile  above  this  shoal  there  is  another,  having  a  fall 
of  about  5  feet  in  200  feet,  but  though  the  channel  is  quite  narrow,  any 
dam  which  might  be  built  would  have  to  be  quite  long,  the  river  banks 
being  flat  and  rocky  and  extending  back  some  distance  from  the  river. 
The  river  fills  the  whole  space  in  time  of  high  water.  Lnmediately 
above  this  shoal  there  are  a  number  of  small  rapids  of  a  few  inches  fall 
each^  but  there  is  no  concentration  of  fall  in  noteworthy  amount  until 
within  half  a  mile  below  Bryson  City. 

Here  there  is  a  shoal  having,  in  a  distance  of  about  150  yards,  a  fall 
estimated  by  the  eye  as  certainly  not  less  than  5  feet.     The  site  is  of 
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little  importance,  as  there  are  broad  bottoms  on  each  side  of  the  river 
lying  only  a  few  feet  above  the  level  of  ordinary  high  water,  and  a 
large  proportion  of  them  is  subject  to  overflow  in  time  of  freshet. 

Between  Bushnell  and  Bryson  City  the  river  is  uniformly  very  swift, 
and  although  there  is  no  concentrated  fall  the  fall  is  large,  being  cer- 
tainly not  less  than  15  feet  to  the  mile  and  in  all  probability  more  than 
that  amount. 

About  200  yards  above  Bryson  City  there  is  a  shoal  very  similar  to  the 
one  below  the  place,  the  fall  being  3  or  4  feet,  estimated  as  before. 
The  conditions  for  development  at  this  shoal  are  somewhat  more  favor- 
able, the  south  bank  being  very  steep  and  rocky  and  the  north  bank 
much  higher.     The  site  is  not  regarded  as  of  any  special  importance. 

Throughout  this  part  of  its  course  the  river  is  between  200  and  300 
feet  wide. 

From  this  point,  up  to  within  three  miles  of  Dillsboro,  there  are  no 
shoals,  and  the  river  is  skirted  by  strips  of  bottom-land. 

Three  miles  below  Dillsboro  there  is  a  small,  short  shoal  having  a  fall 
of  about  2  feet.  The  river  is  wide,  but  there  is  plenty  of  room  for 
buildings.  *^    ,\.. .'. 

About  half  a  mile  above  this  place,  and  just  below  the  mouth  of 
Dicks  creek,  is  the  beginning  of  a  series  of  rapids  that  extend  for  half 
a  mile  up  the  river.  There  is  a  large  fall  in  the  rapids,  the  river  is 
narrow  and  down  in  a  deep  gorge. 

Just  below  the  town  of  Dillsboro  there  is  an  abandoned  waterpower 
which  was  used  until  a  few  years  ago  to  operate  a  large  saw-mill.  The 
dam,  part  of  which  is  still  standing,  was  built  of  triangular  wooden 
frames  bolted  to  the  bed  of  the  river  and  planked  over  on  the  up-stream 
side,  and  extended  in  a  broken  line  across  the  river.  At  each  of  the 
angles,  timber  cribs,  filled  with  stone,  were  placed  to  add  strength  to 
the  dam,  which  was  about  8  feet  high.  There  was  no  race,  the  water 
being  turned  directly  to  the  wheels.  The  construction  of  the  Murphy 
branch  of  the  Southern  EaUway  cut  through  the  north  end  of  this  dam 
and  the  mill  and  power  have  since  been  abandoned. 

A  discharge  measurement  of  this  river,  made  September  9,  1895, 
at  the  railroad  bridge  just  below  Dillsboro,  gave  a  discharge  of  398.5 
cubic  feet  per  second  at  low  water,  equivalent  to  44.2  horsepower  per 
foot  fall. 

Between  Dillsboro  and  the  forks  of  the  Tuckaseegee,  a  distance  of  10 
miles  in  an  air-line  and  about  17  miles  following  the  course  of  the 
river,  the  average  fall  is  at  the  rate  of  10  feet  per  mile.  The  course  of 
the  river  is  tortuous  and  the  bottom-lands  bordering  the  river  are  fre- 
quently quite  broad.  The  fall  is  well  distributed,  there  being  no  shoals 
of  importance  in  this  distance. 


N.    C.    CEOI.OCICAl.    SITRVKV 


IILI.I.KTIV    8.       II.ATK    XIII 


TUCKASEEGEE    FALLS,    JACKSON    COUNTY 


WATEBPOWES   ON   THB   TENKSSSEE   TBIBUTABIB8.  265 

Above  the  forks  the  character  of  the  stream  changes;  the  fall  is 
greatly. increased  and  there  are  numerous  places  where  large  fall  can  be 
obtained  and  powers  of  corresponding  magnitude  developed  in  con- 
sequence. The  most  noted  of  these  possible  power  sites  is  that  known 
as  THE  Falls  of  the  TuoKASEEGEEy  situated  on  the  smaller  or  west  fork; 
about  five  miles  above  the  jimction  with  the  east  fork.  The  fall  here  in 
a  distance  of  less  than  one  mile  is  about  400  feet,  and  is  over  500  feet 
in  less  than  two  miles.  The  drainage  area  above  this  place  is  nearly 
40  square  miles^  and  it  is  about  12  miles  on  an  air-line  to  the  nearest 
railroad  station^  the  distance  to  Dillsboro  and  Sjlva  being  about  the 
same  (Plate  XTTT), 

On  this  stream,  as  on  the  French  Broad  river  below  Asheville,  the 
main  obstacle  in  the  utilization  of  the  powers  between  Bushnell  and 
Dillsboro  is  the  position  occupied  by  the  railroad  track  which  skirts  the 
river  bank  for  the  entire  distance,  and  any  but  a  very  low  dam  would 
seriously  interfere  with  the  road-bed,  even  iq  time  of  low  water,  and 
would  cover  it  altogether  in  time  of  flood. 

Below  Bushnell  the  country  is  extremely  rough  and  mountainous 
and  very  thinly  settled,  and  the  present  roads  are  entirely  impracticable 
for  any  traffic. 

The  principal  tributaries  of  the  Tuckaseegee  river  in  their  order 
ascending  the  stream  are  Forneys  creeky  Nolans  creeJcy  Deep  creek,  ike 
Occoneeluftee  river,  Scotts  creek  and  Caney  fork,  all  entering  from  the 
north. 

Forneys  creek,  Nolans  creek  and  Deep  creek  are  all  small  streams, 
rising  far  up  on  the  mountain  slopes,  having  a  large  fall  and  affording 
some  very  good  small  powers,  at  present  used  for  running  small  saw- 
and  gristrmills. 

The  Occoneeluftee  river,  the  largest  tributary,  rises  in  the  Great 
Smoky  mountains  in  the  extreme  northeastern  part  of  Swain  county, 
and  flowing  in  a  southerly  and  then  in  a  southwesterly  course,  joins  the 
Tuckaseegee  about  four  miles  east  of  Bryson  City,  draining  an  area  of 
198  square  miles.  The  current  is  uniformly  rapid  and  the  fall  appears 
to  be  large  but  is  very  uniformly  distributed,  there  being  no  shoals  on 
the  river  as  far  as  it  was  seen,  of  any  considerable  value  for  power  pur- 
poses, though  doubtless  there  are  numbers  of  places  where  power  may 
be  secured  by  damming. 

Only  two  were  seen  between  the  mouth  and  Yellow  Hill,  each  having 
a  fall  of  about  two  feet  in  about  200  feet.  In  both  places  the  river 
is  wide  and  the  channel  much  obstructed.  Above  Yellow  Hill  the  river 
becomes  still  more  rapid  and  there  are,  it  is  said,  a  number  of  places 
where  small  powers  can  be  developed. 
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Scotts  creek,  the  next  important  tributary  of  the  Tuckaseegee^  has 
its  head  springs  on  the  west  slopes  of  the  Balsam  mountains  near  Bal- 
sam Gap,  and,  after  flowing  for  about  12  miles,  measured  in  a  straight 
line,  it  empties  into  the  Tuckaseegee  just  below  the  town  of  Dillsboro, 
draining  an  area  of  65  square  miles. 

The  first  power  on  this  stream  is  in  the  town  of  Dillsboro,  where  is 
located  a  small  saw-mill  and  locust-pin  factory,  using  a  small  amount 
of  power,  obtained  by  a  dam  across  this  creek. 

About  2  miles  above  Dillsboro,  and  in  the  town  of  Sylva,  there  is  a 
small  power,  developed  some  time  ago  for  the  purpose  of  running  a 
conindum-mill.  The  fall  used,  about  5  feet,  was  all  obtained  from  the 
dam.  The  power  here  is,  of  course,  very  limited  in  quantity,  only  suit- 
able for  operating  a  small  plant.  There  are  no  other  developed  powers 
on  this  creek. 

NANTAHALA  RIVER. 

The  Nantahala  river,  which  joins  the  Tennessee  about  5  miles  (by  a 
straight  line)  above  the  mouth  of  the  Tuckaseegee,  rises  on  the  northern 
slopes  of  the  Blue  Eidge  in  Eabun  county,  Georgia,  and  flows  in  a 
general  northerly  direction  throughout  its  entire  course.  It  has  a  total 
drainage  area  of  184  giquio^  miles,  as  compared  with  the  Tennessee 
river,  which  rises  near  the  same  general  region,  and  which  has  above  the 
mouth  of  the  Nantahala  a  drainage  area  of  467  square  miles.  This 
shows  that  the  Nantahala  throughout  its  entire  course  runs  in  a  narrow, 
deep  basin  and  has  but  few  tributary  streams.  For  the  lower  third  of 
its  course  it  runs  in  a  narrow  gorge  from  one  to  two  thousand  feet  deep, 
having  in  this  part  of  its  course,  which  parallels  the  Murphy  division  of 
the  Western  North  Carolina  railroad,  practically  no  tributaries. 

Waterpowers  have  been  developed  on  the  Nantahala  at  two  points: 

(1)  At  EiOAED  AND  Hewitt's  talc-mill,  about  10  miles  (straight  line) 
above  the  mouth  of  the  river,  where  a  small  dam  and  a  race  furnish 
power  sufficient  for  operating  this  mill. 

(2)  At  HuBBABD  AND  Meetz's  saw-Hiill,  about  3  miles  further  up  the 
stream,  where  the  river  has  cut  through  the  Nantahala  mountains, 
where  it  first  reaches  the  railroad.  The  drainage  basin  of  the  river 
above  this  point  has  a  total  area  of  152  square  miles,  practically  all  of 
which  is  forest-covered.  At  this  latter  point  it  is  said  that  quite  a  large 
power  could  be  developed,  as  the  river  flows  here  through  a  deep,  nar- 
row, rocky  gorge  into  a  wider  channel  b.elow. 

From  this  last-mentioned  place  down  to  the  mouth  of  the  river  there 
are  numerous  undeveloped  shoals  with  suitable  places  for  the  construc- 
tion of  dams,  the  stream-bed  being  narrow  and  its  bottom  and  sides 
being  of  rock.     The  fact  that  the  railroad  track  is  but  a  few  feet  above 
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the  bed  of  the  stream  would  interfere  with  the  large  development  of 
any  of  these  shoals. 

CULLASAJA  CREEK. 

There  are  numerous  other  small  tributaries  of  the  Little  Tennessee 
on  which  either  have  been  or  can  be  developed  important  though  small 
waterpowers.  Thus,  on  the  Cullasaja,  one  of  these  smaller  tributaries 
of  the  Little  Tennessee,  at  Corundum  Hill  the  power  is  developed  by  a 
7-foot  dam,  giving  a  fall  of  9  feet  at  the  mill,  this  water  turning  a  40 
horsepower  turbine-wheel.  At  the  Cullasaja  falls,  7  miles  above 
Franklin,  there  is  said  to  be  a  vertical  fall  of  95  feet  and  a  total  fall 
of  810  feet  in  one-fourth  of  a  mile/  This  is  known  as  "  Cullasaja  lower 
falls."  About  6  miles  above  this  there  is  a  succession  of  rapids  and 
falls,  in  a  narrow  gorge,  which  together,  are  known  as  the  "  Cullasaja 
upper  falls."  An  excellent  power  could  be  developed  here  also  (Plate 
XIV). 

HIWASSEE  BIVEB  AND  TBUB  UT ATITKH. 

The  Eiwassee  river  rises  on  the  northern  slopes  of  the  Blue  Bidge 
in  Towns  county,  Georgia,  and  flows  in  a  general  northerly-north- 
westerly course  by  way  of  Hayesville,  Clay  county.  North  Carolina,  and 
then  in  a  general  west-northwesterly  course  across  Clay  and  Cherokee 
counties  into  Tennessee,  where  it  joins  the  Tennessee,  and  through  it 
flows  into  the  Mississippi. 

The  two  most  important  of  its  tributary  streams  are  the  Nottely, 
which  rises  on  the  north  slopes  of  the  Blue  Eidge  mountains  not  far 
from  the  source  of  the  Hiwassee  in  Union  county,  Georgia,  and  flows 
in  a  general  northwesterly  and  northerly  course,  joining  the  Hiwassee 
some  5  miles  below  Murphy;  and  the  Valley  river,  which  rises  in  the 
extreme  northwestern  comer  of  Cherokee  county,  near  Eed  Marble 
Gap,  and  flows  in  a  southwesterly  course,  joining  the  Hiwassee  at  Mur- 
phy. The  Nottely  river  has  a  drainage  area  of  305  square  miles,  and 
the  Valley  river,  128  square  miles. 

The  drainage  basin  of  the  Hiwassee  above  the  Tennessee  line  is 
1084  square  miles.  Of  this  area,  according  to  the  census  of  1880,  there 
were  40,000  acres  of  land  in  ctdtivation,  35,000  in  grass,  and  619,000, 
or  89  per  cent,  of  the  whole,  were  still  forest-covered,  and  in  portions 
of  the  Valley  river  basin  there  are  numerous  valuable  deposits  of  mar- 
ble, talc  and  iron  ore,  and  also  some  gold,  silver  and  lead.  Along  por- 
tions of  Nottely  and  Hiwassee  rivers  also  there  are  some  flne  farming 
lands  and  valuable  deposits  of  marble  and  talc. 

^  The  fall  here  was  measured  by  Dr.  H.  S.  Lucas,  with  an  engineer's  level. 
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For  measuremente  of  the  flow  of  the  Hiwassee  river  at  Murphy  see 
pp.  881-334. 

WATEEPOWEB   ON   HIWASSSEE   BIVKB. 

In  connection  with  the  following  notes  concerning  possible  water- 
power  developments  on  the  Hiwassee  river,  it  must  be  said  that  the 
part  of  the  river  at  and  for  13  miles  above  the  Tennessee  state  line 
has  not  yet  been  carefully  examined  owing  to  its  inaccessibility.  But 
according  to  the  best  information  obtainable,  there  are  in  this  portion 
of  the  river  no  shoals  which  could  be  developed  into  laa^e  powers;  and, 
indeed,  it  is  reported  that  there  are  no  shoals  in  this  part  of  the  river 
with  a  fall  greater  than  a  few  inches. 

Below  IMurphy  the  river  is  a  rapid  stream,  but  the  fall  is  well  dis- 
tributed, there  being  no  places  where  there  is  any  considerable  amount 
of  concentrated  fall.  The  distance  from  Murphy  to  the  North  Carolina- 
Tennessee  state  line,  following  the  course  of  the  river,  is  about  28  miles, 
and  the  total  fall  in  the  stream  is  about  300  feet,  or  between  10  and 
11  feet  to  the  mile. 

Between  Murphy  and  Hayesville,  a  distance  of  about  19  miles  fol- 
lowing the  course  of  the  river,  the  total  fall  is  about  250  feet  and  the 
average  fall  per  mile  about  13  feet. 

The  first  shoal  seen  was  about  a  mile  above  Ogreta  post-office  and 
about  15  miles  above  the  state  line.  This  shoal  had  a  fall  of  about  3 
feet  in  200,  and  at  its  crest  there  is  an  excellent  foundation  for  a  dam 
and  an  abundance  of  rock  on  the  spot  for  building  purposes,  but  the 
river  at  this  point  is  about  300  feet  wide.  There  is  ample  space  for 
buildings  on  the  northeast  bank. 

From  this  point  on  up  to  within  a  half  mile  of  Murphy  there  are 
occasional  rapids  in  the  river  but  no  important  shoals,  and  though  places 
where  dams  could  be  built  are  numerous,  no  fall  could  be  secured  beyond 
what  the  dam  would  give,  and  the  river  is  from  250  to  300  feet  wide. 

Half  a  mile  below  Murphy  is  a  site  that  is  said  to  be  probably  the 
best  in  the  county.  There  is  no  natural  fall  in  the  river  at  this  place, 
but  the  stream  is  rapid  and  wide  enough  to  allow  of  the  easy  escape  of 
water  below  the  dam,  and  there  is  here  a  good  foundation  for  a  dam  and 
good  abutments  on  both  banks.  On  the  southwest  bank  of  the  river 
there  is  a  precipitous  blufF  of  solid  rock  100  feet  or  more  in  height, 
and  this  recedes  from  the  river  almost  at  right  angles.  Below  this  bluff 
can  be  found  ample  space  for  buildings,  which  would  here  be  in  a 
measure  protected  from  the  effects  of  flood.  A  dam  at  this  place  would 
need  to  be  quite  long,  but  an  ample  supply  of  rock  can  be  obtained 
close  at  hand  for  its  construction.  The  drainage  of  the  river  above  this 
point  is  670  square  miles  and  the  rainfall  61  inches  per  annum.     This 
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power  might  be  developed,  conveyed  electrically  to  the  town  of  Mu3> 
phy,  and  used  there  for  operating  a  variety  of  manufacturing  establish- 
ments. In  the  same  manner  the  shoals  mentioned  on  the  river  in  the 
succeeding  paragraphs  might  be  developed  and  the  power  from  each  be 
brought  to  Murphy  and  there  used  for  lighting  and  manufacturing  pur- 
poses. 

About  5^  miles  above  Murphy  there  is  a  shoal  having  a  fall  of  about 
2  feet  in  100.  The  river  is  quite  narrow  and  coidd  easily  be  dammed, 
as  there  are  good  foundations  and  abutments  for  a  dam,  and  plenty  of 
stone  on  the  spot  for  building  purposes.  The  locality  is  not  favorable 
for  buildings,  but  the  power  could  easily  be  transmitted  to  Murphy  as 
suggested  above. 

Eight  and  one-fourth  miles  above  Murphy  the  Cherokee  Lumber  Com- 
pany has  in  part  utilized  the  finest  power  on  the  upper  part  of  the  river, 
though  not  for  power  purposes. 

There  is  a  fall  of  about  3  feet  in  the  river  at  this  point  over  a  solid 
rock  ledge,  and  across  the  top  of  this  a  dam  has  been  built  for  the  pur- 
pose of  floating  logs  to  the  steam  saw-mill  which  they  have  at  this  point 
This  place  could  be  well  used  for  power  purposes,  as  the  foundations 
and  abutments  for  a  dam  are  good  and  there  is  ample  space  for  a  power- 
house and  the  other  necessary  buildings. 

About  10  miles  from  Murphy,  just  above  the  Shallow  ford,  there  is  a 
small  shoal  having  a  fall  of  about  one  foot  in  50.  Here  again  the  river 
is  narrow  and  the  channel  restricted,  and  a  good  dam  could  easily  be 
built,  thus  greatly  increasing  the  fall  available,  and  there  is  plenty  of 
good  level  building  room. 

The  Hiwassee  is  a  very  rapid  stream,  flowing  in  a  channel  which 
it  has  cut  out  of  the  solid  rock,  and  in  many  places  the  banks  are  quite 
steep  and  precipitous  and  rocky,  thus  affording  good  sites  for  dams.  It, 
like  the  other  mountain  streams,  is  subject  to  violent  floods,  frequently 
rising  to  a  height  of  10  feet  above  its  normal  level  in  a  very  short  time, 
and  dams  would  need  to  be  strongly  built  to  withstand  these  floods. 

From  Murphy  to  Hayesville  the  stream  has  not  been  very  closely 
examined,  but  it  possesses  the  same  general  characteristics  as  noted 
above  for  the  river  in  general,  only  its  channel  is  more  rocky  and  more 
restricted,  and  the  banks  higher  and  steeper. 

Nothing  is  known  as  to  the  waterpower  of  the  ISTottely  river,  as  it  was 
not  examined  and  inquiry  failed  to  bring  to  light  anything  of  interest 
concerning  the  stream.  There  is  no  power  worthy  of  mention  in  this 
connection  on  Valley  river. 
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CHAPTER  XIV. 
STREAM  MEASUREMENTS/ 

The  power  that  can  be  developed  at  any  point  on  a  stream  is  de- 
pendent solely  on  the  available  fall  and  on  the  available  quantity  of 
water. 

The  fall  can  be  easily  and  accurately  measured  once  for  all  with  an 
engineer's  level,  but  the  determination  of  the  quantity  of  water  flowing 
is  by  no  means  such  a  simple  matter,  for  this  is  varying  constantly,  from 
hour  to  hour  and  from  day  to  day,  so  that  an  accurate  gauging  of  the 
flow  made  on  one  day  will  not  of  itself  serve  to  determine  the  volume 
of  the  water  on  some  other  day  when  the  stage  of  the  river  is  different 

To  the  engineer  who  has  to  plan  a  hydraulic  construction,  and  to  the 
investor  who  desires  to  purchase  waterpower,  an  accurate  knowledge  of 
the  flow  of  the  stream  where  the  power  is  located  is  a  matter  of 
the  first  importance.  It  is  necessary  to  know  the  minimum  flow,  that 
the  construction  may  be  so  planned  as  to  give  the  desired  power,  and 
the  maximum  flow  that  the  structure  may  be  proportioned  to  withstand 
the  enormous  forces  that  may  be  brought  to  bear  on  it  in  time  of  flood. 
With  all  its  importance,  information  of  this  character  has  been  available 
for  but  a  few  streams,  and  these  mainly  located  in  the  New  England 
states,  where  the  pecidiarities  of  climate  and  topography  are  such  as  to 
render  the  data  thus  gained  of  little  use  in  estimating  the  probable  flow 
from  other  areas,  lying  under  widely  different  conditions  such  as  prevail 
in  the  South  Atlantic  states. 

It  is  evident  that  an  accurate  investigation  of  the  flow  of  a  stream 
under  all  conditions  cannot  be  carried  out  in  one  year  or  in  a  few  years, 
and  so  in  almost  every  case  where  the  volume  of  water  carried  by  a 
stream  was  desired  it  has  been  necessary  to  rely  on  computations  based 
on  the  rainfall  over  the  drainage  basin,  supplemented  by  perhaps  a  single 

» By  B.  W.  Myers. 
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gauging  of  the  stream,  and  from  this  an  eflFort  is  made  to  determine  the 
minimum  and  average  dry-season  flows.  It  is  scarcely  necessary  to 
say  that  such  estimates  are  open  to  very  serious  error,  the  correctness  of 
the  figures  for  the  flow  thus  determined  being  entirely  dependent  on  the 
training  and  judgment  of  the  engineer  and  his  knowledge  of  the  con- 
ditions prevailing  over  the  drainage  basin.  Even  with  the  most  accu- 
rate knowledge  of  the  topography  of  the  basin  the  flow  is  a  result  which 
is  dependent  on  so  many  varying  factors  such  as  the  amount  and  dis- 
tribution of  the  rainfall  in  different  years  or  periods,  the  temperature 
of  earth  and  air,  the  wind  movements,  and  the  conditions  of  saturation 
of  the  soil  and  sub-soil,  which,  so  far  as  known,  follow  no  definite  laws 
and  cannot  be  predicted,  that  estimates  of  flow  based  on  such  calculations 
must  be  very  unsatisfactory  and  are  frequently  the  source  of  much 
inconvenience  and  sometimes  of  serious  money  loss. 

Owing  to  the  recent  developments  in  the  electrical  transmission  of 
power  and  the  growing  tendency  to  bring  the  cotton-mill  to  the  cotton 
instead  of  carrying  the  cotton  to  the  mill,  together  with  the  growth  of 
other  manufacturing  interests,  waterpowers  which  have  heretofore  been 
of  little  conunercial  value  have  become  valuable,  for,  generally  speaking, 
waterpower  is  much  cheaper  than  steam-power.  Thus  the  numerous 
waterpowers  of  the  South  Atlantic  states  have  come  into  prominence 
and  information  concerning  them  has  been  eagerly  sought. 

Eealizing  the  need  of  more  accurate  knowledge  of  this  very  valuable 
source  of  wealth,  in  the  autumn  of  1895  the  Geological  Survey,  in  co-op- 
eration with  the  IT.  S.  Geological  Survey,  began  the  investigation  of 
the  flow  of  streams  as  recorded  in  the  following  pages.  To  this  end 
regular  gauging  stations  have  been  established  as  follows:  On  the  Dan 
and  Staunton  rivers  at  Clarksville,  Va.,  and  on  thb  Roanoke  at  the 
crossing  of  the  Norfolk  and  Carolina  railroad  near  Neals  in  North 
Carolina;  on  the  Tar  at  Tarboro,  N.  C;  on  the  Cape  Fear  at  Fayette- 
ville,  and  on  the  Deep  and  Haw  rivers  at  Moncure,  N.  C. ;  on  the  Yadkin 
at  the  Southern  railroad  crossing  near  Salisbury  and  at  Blalock's  ferry, 
a  short  distance  from  Norwood;  on  the  Catawba  at  Catawba,  N.  C,  and 
at  the  crossing  of  the  Southern  railroad  between  Fort  Mill  and  Rock 
Hill,  S.  C;  on  the  Broad  near  Blacksburg,  S.  C,  and  at  Alston,  S.  C; 
on  the  Saluda  river  at  the  crossing  of  the  P.  R.  &  W.  C.  R.  R. 
near  Waterloo,  S.  C;  on  the  French  Broad  river  at  Asheville,  N.  C; 
on  the  Tuckaseegee  river  at  Bryson  City,  N.  C. ;  on  the  Little  Tennessee 
river  at  Judson,  N.  C,  and  on  the  Hiwassee  river  at  Murphy,  N.  C. 

Thus  it  is  seen  that  from  one  to  two  gauging  stations  have  been  estab- 
lished on  every  main  stream  in  North  and  South  Carolina  where  there  is 
any  possibility  of  waterpower  development.     Stations  have  not  been 
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located  on  the  tributary  streams  for  the  reason  that  such  stations  would 
be  of  only  local  utility,  and  the  data  gained  from  the  station  on  the 
main  stream  can  be  applied  to  solve  the  problem  of  the  flow  from  each 
one  of  its  tributaries. 

In  order  that  accurate  results  may  be  obtained  at  any  station  certain 
conditions  must  be  filled.  The  course  of  the  river  must  be  straight  for 
some  distance  above  and  below  the  point  where  it  is  proposed  to  make 
the  gauging;  the  current  velocity  should  be  neither  too  great  nor  too 
small,  as  in  neither  case  does  the  meter  give  its  best  results,  and  this 
velocity  should  be  well  distributed  across  the  stream,  which  should  be 
of  moderate  depth,  flowing  over  a  smooth  bottom  that  is  permanent 
and  not  subject  to  change  of  form  through  high  water  or  other  means, 
so  that  the  relation  between  the  gauge  height  and  the  area  of  the  cross- 
section  may  be  constant,  and  the  banks  should  be  of  such  height  as  to 
keep  the  river  between  them  even  during  floods.  When  it  is  desired  to 
establish  a  station  on  any  stream,  search  is  made  for  some  locality  which 
fulfills  the  requirements  noted  above,  and  is,  in  addition,  so  located  as 
to  be  easily  accessible,  preferably  where  some  bridge  crosses  the  stream 
at  right  angles  to  its  course,  or  at  some  ferry.  When  such  a  place  is 
found,  a  permanent  gauge  is  set  up,  an  observer  employed  to  take  daily 
readings  of  the  stage  of  the  water^surf ace  and  the  series  of  instrumental 
gaugings  is  begun. 

The  gauges  which  have  been  installed  are  of  two  classes,  both  consist- 
ing primarily  of  a  strip  of  wood,  painted  white  and  graduated  into  feet 
and  tenths  and  sufiiciently  long  to  measure  the  height  of  the  extreme 
flood  volume  of  the  stream.  In  one  form  of  the  gauge  this  rod  is 
securely  spiked  or  bolted  in  a  vertical  position  to  the  side  of  a  bridge- 
pier  or  similar  object  so  that  it  cannot  be  carried  away  by  the  water, 
and  so  that  its  lower  end  will  be  constantly  immersed  in  the  water.  The 
gauge  height  is  then  read  directly  from  the  position  of  the  water-surface 
on  the  rod.  In  the  other  form  of  gauge  the  rod  is  nailed  or  screwed  in 
a  horizontal  position  to  the  railing  or  guard  rail  of  a  bridge.  A  short 
distance  from  the  end  of  the  rod  and  in  the  same  horizontal  line  is 
fastened  a  small  pulley,  and  through  this  runs  a  flexible  wire  rope  carry- 
ing a  weight  of  from  3  to  5  pounds  at  its  end.  At  an  appropriate  dis- 
tance from  the  lower  end  of  this  weight  there  is  fastened  to  the  wire 
rope  a  small  pointer  of  brass  or  copper  wire.  When  it  is  desired  to 
take  a  reading  of  the  water-level,  the  weight  is  lowered  by  means  of 
the  wire  rope  until  the  lower  end  is  seen  to  just  touch  the  surface  of  the 
water  and  the  place  on  the  rod  indicated  by  the  pointer  is  noted.  This 
will  then  be  the  gauge-reading,  and  this  may  be  estimated  to  a  hun- 
dredth of  a  foot  with  ease  and  accuracv. 
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These  gauge  rods  are  referred  to  bench  marks  well  out  of  the  reach 
of  the  highest  floods,  so  that  they  may  be  replaced  when  they  are  torn 
out,  as  they  are  sure  to  be. 

METHOD  OF  OAXXaiNG  TEB  ITiOW  OF  STOBATWK, 

In  measuring  the  flow  of  a  stream  it  is  to  be  remembered  that  the 
flow  varies  from  time  to  time.  The  measurement  made  on  any  given 
day  while  the  river  keeps  a  steady  flow  for  an  hour  or  two  is  good  only 
for  that  day  and  hour  and  for  times  when  the  river  is  at  the  same  stage. 
A  small  rise  in  the  stream  is  accompanied  by  a  large  increase  in  the 
flow,  and  a  small  fall  by  a  large  decrease  in  the  flow.  To  ascertain  the 
flow  during  a  considerable  period  of  the  time  and  thus  obtain  an  average 
for  varying  stages,  two  distinct  classes  of  measurements  are  necessary: 
First,  the  amount  of  flow  corresponding  to  each  and  every  stage;  second, 
a  continuous  record  of  the  rise  and  fall.  The  method  by  which  this  last 
is  secured  has  just  been  given. 

There  are  four  methods  of  gauging  the  flow  of  a  stream:  By  weirs;  by 
floats;  by  formida;  by  meters. 

Weirs  are  practicable  and  economical  only  in  the  case  of  small 
streams  at  low  water,  and  in  such  case  the  system  is  preferable  to  aU 
others. 

Gauging  by  floats  is  the  crudest  and  most  unreliable  of  all  methods. 
Tt  consists  in  throwing  floating  objects  into  the  water  and  noting  the 
length  of  time  occupied  by  the  float  in  moving  through  a  measured  dis- 
tance down  the  stream.  The  distance  divided  by  the  time  is  the  mean 
velocity  of  the  motion  of  the  float.  But  this  velocity  of  the  float  is  not 
the  velocity  of  the  stream,  which  varies  at  different  points  in  the  width 
and  at  different  depths.  As  a  rough-and-ready  rule,  the  mean  velocity 
of  the  stream  is  taken  as  about  four-fifths  of  the  velocity  of  the  float 
This  is  no  doubt  a  fair  approximation  when  the  cross-section  of  the 
stream  is  symmetrical,  the  current  smooth,  regular,  and  free  from  eddies, 
and  its  course  free  from  obstructions.  But  in  small  or  medium-sized 
rivers  such  conditions  are  rare,  and  the  whole  method  of  measuring  is 
liable  to  great  uncertainty  and  is  impracticable  in  large  rivers. 

Gauging  by  formula  is  based  on  the  assumption  that,  with  a  given 
cross-section,  the  mean  velocity  of  the  flow  bears  a  certain  relation  to 
the  declivity  down  which  the  water  flows.  This  may  be  obtained  with 
the  spirit-level,  but  this  method  is  of  very  limited  utility. 

GAUGING  WITH  THE  CURRENT  METER. 

Gauging  by  a  current  meter  is  the  most  satisfactory  and  complete 
method  of  all.     A  current  meter  is  a  mechanical  contrivance  so  arranged 
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that  by  lowering  it  into  a  stream  the  velocity  of  the  current  at  any  point 
below  the  surface  can  be  obtained  with  accuracy  by  a  direct  reading 
of  the  number  of  revolutions  of  a  wheel  made  to  revolve  by  the  force 
of  the  current,  and  a  comparison  of  this  with  a  table  of  corresponding 
velocities.  A  great  many  forms  of  current  meters  have  been  designed 
and  used,  the  three  general  classes  being  the  direct  recording  meter,  in 
which  the  number  of  revolutions  is  indicated  directly  on  a  series  of 
small  gear-wheels  driven  by  a  c(^-wheel  connected  with  the  revolving 
head  of  the  meter;  the  electric  meter,  in  which  the  counting  is  done  by 
a  simple  make-and-break  circuit,  the  registering  device  being  placed  at 
any  convenient  distance  from  the  meter;  and  the  acoustic  meter,  in 
which  the  counting  is  done  by  hearing  through  an  ear^tube  the  clicks 
made  by  the  revolution  of  a  wheel  and  counting  the  same.  The  elec- 
tric meter  is  the  form  of  meter  most  used  by  the  Geological  Survey,  and 
it  has  been  found  that  results  of  a  high  degree  of  accuracy  may  be  ob- 
tained by  the  careful  use  of  this  instrument  The  velocity  at  any  depth 
is  readily  obtained,  and  hence  the  problem  of  finding  the  mean  velocity 
in  any  vertical  is  made  a  very  simple  one. 

The  method  of  making  the  gauging  is  as  follows: 

The  width  of  the  stream  from  bank  to  bank  at  the  water-surface  is 
accurately  measured,  and  at  regular  intervals  of  10  or  20  feet  in  the 
case  of  large  streams,  of  5  feet  for  smaller  ones,  soundings  are  taken  by 
means  of  a  heavy  weight  and  line  to  determine  the  depth. 

At  each  of  these  places  where  the  soundings  are  taken  the  meter  is  run 
to  determine  the  velocity  in  that  vertical  plane.  This  mean  velocity  is 
found  in  one  of  several  ways. 

In  streams  having  a  depth  of  5  feet  or  less  it  has  been  customary  to 
take  observations  at  a  distance  below  the  surface  sufficient  to  immerse 
the  meter  approximately  0.5  of  a  foot,  and  at  a  distance  above  the 
bottom  sufficient  to  allow  the  wheel  to  turn  freely.  With  meters  hav- 
ing large  lead  weights,  the  center  of  the  wheel  is  usually  about  0.8 
foot  above  the  bottom.  The  average  of  the  velocities  thus  determined 
is  thus  assumed  to  represent  the  average  velocity  at  this  portion  of  the 
river.  In  deeper  rivers  the  attempt  is  usually  made  U)  determine  the 
velocity  at  points  near  the  surface  and  at  intervals  of  about  6  feet  to 
the  bottom,  the  mean  velocity  being  obtained  by  averaging  these. 

It  has  also  been  ascertained  that  the  velocity  at  a  depth  down  from 
the  surface,  equal  to  0.6  of  the  total  depth,  represents  very  accurately 
the  true  mean  velocity  in  that  vertical.  The  mid-depth  velocity  may 
be  gotten  and  98  per  cent,  of  it  be  used  as  the  mean. 

Taking,  therefore,  the  average  velocity  in  the  vertical  plane  as  ob- 
tained in  either  of  these  ways,  this  is  assumed  to  represent  the  average 
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velocity  of  the  stream  for  a  distance  on  either  side  of  the  point  of  obser- 
vation equal  to  half  the  distance  to  the  points  of  observation  on  either 
side. 

The  mean  depth  in  any  sub-section  is  taken,  in  the  case  of  a  broad, 
smooth  channel,  as  the  depth  where  the  meter  is  run,  or  as  an  average 
obtained  by  adding  to  the  depth  of  the  water  half-way  to  the  point  of 
observation  on  either  side,  twice  the  depth  at  the  point  where  the  meter 
is  run  and  dividing  the  sum  by  four.  This  mean  depth  in  feet,  multi- 
plied by  the  width  of  the  sub-section  in  feet,  gives  the  area  of  the  sub- 
section in  square  feet.  The  area  multiplied  by  the  velocity  in  feet  per 
second  gives  the  discharge  of  the  sub-section  in  cubic  feet  per  second, 
and  the  sum  of  the  discharges  of  the  sub-sections  is  the  discharge  of 

the  river. 

THE  BATING  CXXBVE. 

Since  in  the  eastern  United  States  these  gaugings  are  primarily  to  aid 
in  planning  waterpower  development  in  the  future  by  furnishing  accu- 
rate knowledge  of  the  flow  of  the  streams,  the  low  stages  of  the  water  are 
carefully  watched  and  accurately  gauged.  High-flood  measurements  are 
taken  where  possible,  the  object  of  the  gaugings  being  the  construction 
of  a  station  rating^table  or  series  of  tables  showing  the  relation  between 
the  gauge  height  of  the  river  and  the  discharge  at  any  time.  In  order 
to  do  this  it  is  of  course  necessary  to  obtain  the  discharge  at  various  stages 
of  water  covering  the  ordinary  range  of  fluctuation.  This  is  a  com- 
paratively simple  matter  if  the  channel  does  not  change.  The  simplest 
method  of  procedure  in  constructing  a  ratmg-table  is  to  plot  on  rec- 
tangularly-ruled paper  each  point  representing  the  gauge  height  and 
discharge  for  a  given  measurement,  the  vertical  distance  from  the  bottom 
line  being  taken  to  represent  the  height  of  the  water  at  the  time  the 
measurement  was  taken,  and  the  distance  from  left  to  right  the  dischai^ 
in  cubic  feet  per  second.  If  there  are  a  half  dozen  or  more  of  these 
points  well  distributed  according  to  height  of  water,  it  will  usually  be 
found  that  they  will  lie  approximately  in  the  path  of  a  parabolic  curve. 
This  curve  can  be  sketched  through  or  near  the  points,  the  hydrographer, 
from  his  intimate  knowledge,  giving  greater  weight  to  some  points 
than  others,  and  this  curve  will  then  show  the  relation  of  gauge  height 
to  discharge  for  the  period  under  consideration. 

The  rating-table  is  the  numerical  expression  for  the  curve  above 
described.  In  order  to  make  this  table  it  is  simply  necessary  to  read  off 
the  figures  from  the  drawing,  starting  with  the  lowest  value  in  the 
lower  leftrhand  comer  of  the  drawing.  To  do  this  the  lowest  hori- 
zontal line  representing  a  tenth  of  a  foot  is  followed  from  left  to  right 
until  it  intersects  the  curve.  The  value  represented  by  this  distance 
is  set  opposite  the  tenth  of  foot  taken.     The  line  representing  the  next 
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higher  tenth  of  a  foot  is  again  followed  out,  and  its  length  from  the 
margin  at  the  left  to  the  curve  on  the  right  is  also  obtained  and  so  on, 
setting  opposite  each  tenth  of  a  foot  the  corresponding  value  of  the  dis- 
charge. When  a  table  has  been  prepared  in  this  way  it  will  be  found 
that  there  is  an  increasing  value  for  the  discharge,  and  that  the  differ- 
ence between  the  values  is  also  constantly  increasing.  Owing,  how- 
ever, to  the  small  scale  on  which  such  a  sketch  is  necessarily  made,  the 
figures  read  off  from  the  drawing  do  not  always  have  this  constantly 
increasing  value,  some  being  too  large,  others  proportionally  too  small. 
In  order,  therefore,  to  smooth  out  this  curve  it  is  convenient  to  set  off 
between  the  lines  of  the  rating-table  the  difference  in  quantities  of 
discharge,  making  a  third  column.  On  running  the  eye  down  this 
column,  several  points  are  quickly  detected  where  the  differences  are 
not  regular.  It  will  be  seen  that  a  slight  adjustment  of  the  differences 
and  the  addition  or  subtraction  of  a  small  amount  from  the  figures 
of  discharge  will  smooth  out  these  irregularities.  This  should  be  made, 
and  as  a  check  upon  the  accuracy  of  the  work  the  resulting  figures  should 
l)e  plotted  on  the  original  drawing  to  determine  by  inspection  that  the 
rating-table  as  finally  adjusted  is  accordant  with  the  original  observa- 
tions. This  method  of  graphic  construction  avoids  difficulties  and  lia- 
bility to  blunder  in  the  use  of  the  higher  mathematics,  and  its  accuracy 
is  well  within  that  of  the  original  data  (see  fig.  29,  p.  310,  for  an 
example  of  this  method  of  construction). 

The  question  now  arises  for  how  long  a  period  will  this  rating-table 
be  true,  or  its  values  fall  ^thin  the  limits  of  allowable  error?  Every 
river  is  constantly  modifying  its  channel  to  some  extent,  alternately  cut- 
ting it  away  and  filling  it  in  to  suit  the  ever-varying  conditions  of 
velocity.  The  station  is,  in  the  first  instance,  so  located  that  this  action 
will  be  a  minimum,  but  usually  there  is  an  appreciable  change,  espec- 
ially during  or  after  a  flood  or  a  protracted  period  of  low  water. 

The  rating  curve  is  founded  as  far  as  possible  on  measurements  under 
all  the  varying  conditions  of  depth  of  water,  and  is  in  itself  of  the 
nature  of  an  average  of  these  conditions.  Thus  it  is  evident  for  any 
height  of  water  for  a  particular  stage  of  the  river  the  discharge,  as  given 
by  the  rating-table,  may  not  be  as  accurate  as  the  result  of  a  careful 
gauging  made  on  that  day,  but  the  value  given  by  the  rating-table  should 
be  an  average  value  of  the  discharge  for  that  particular  height,  whether 
the  river  is  rising,  falling  or  stationary.  In  other  words,  it  is  assumed 
for  a  given  height  of  water  the  discharge  may  vary  between  certain 
limits,  dependent  upon  circumstances  such  as  the  amount  of  silt  carried, 
condition  of  channel  above  and  below,  and  other  modifying  conditions, 
and  the  rating-tables  cannot  be  expected  to  discriminate  between  these 
conditions  but  must  represent  the  average  between  them. 
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In  this  connection  it  may  be  interesting  to  note  the  following  laws 
governing  the  flow  of  water  in  river  channels  which  were  deduced  by 
Humphreys  and  Abbott  in  their  experiments  on  the  Mississippi  river, 
and  which,  paradoxical  as  they  may  appear,  are  in  perfect  accordance 
with  the  laws  governing  flowing  water.  (See  page  324,  Physics  and 
Hydraulics  of  the  Mississippi  river.) 

1.  For  any  given  level  there  is  much  more  water  passing  when  the  riyer 
is  rising  than  when  it  is  falling. 

2.  At  any  given  gauge  reading,  there  is  usuaUy  more  water  passing  in  a 
long  and  rapid  than  in  a  short  and  slow  rise;  but  this  is  not  always  the  case, 
the  discharge  being  governed  by  the  relative  stage  of  the  water  in  the  channel 
above  and  below. 

3.  The  maximum  discharge,  in  any  normal  rise,  occurs  when  the  river  has 
reached  a  point  a  few  inches  below  the  highest  point  attained. 

4.  If,  when  a  freshet  has  culminated,  and  the  water  either  comes  to  a  stand 
or  begins  to  fall,  a  second  rise  occurs,  it  will  cause  the  surface  to  rise  con- 
siderably higher  than  would  have  been  the  case  had  the  same  volume  passed 
without  a  previous  diminution  of  supply. 

It  is  therefore  to  be  borne  in  mind  that  the  maximum  discharges  of  two 
floods  are  not  necessarily  proportional  to  the  relative  water-levels  attained 
by  them.  Under  some  circumstances  the  lesser  discharge  may  cause  the 
higher  water-mark. 

CAXiCXXLATIOK  OF  FOWSS. 

From  such  a  table  the  flow  corresponding  to  any  given  gauge  height 
may  be  easily  taken  out.  The  flow  of  the  stream  may  then  be  calcu- 
lated as  follows: 

In  the  tables  of  mean  daily  gauge  heights*the  values  of  the  discharge 
as  taken  from  the  rating-table  are  set  opposite  the  several  gauge  heights. 
The  mean  flow  for  the  month  in  cubic  feet  per  second  is  then  found  by 
dividing  the  sum  of  all  the  daily  discharges  by  the  number  of  days  in 
the  month.  The  terms  "  maximum  "  and  "  minimum  "  discharge  ex- 
plain themselves.  It  may  be  well  to  note,  however,  that  these  quan- 
tities are  daily  averages,  and  that  it  may  be  possible  that  at  some  time 
during  the  day  very  much  more  or  considerably  less  water  was  passing 
than  is  shown  in  the  tables. 

From  the  flows  as  thus  determined  it  is  a  matter  of  simple  multipli- 
cation to  determine  the  total  theoretical  horsepower  per  foot  fall  at  the 
station  where  the  gaugings  are  made.  A  theoretical  hoi-sepower  is  an 
energy  of  33,000  foot-pounds  per  minute,  or  of  650  foot-pounds  per 
second.  A  cubic  foot  of  river  water  may  be  taken  to  weigh  62.45 
pounds.  As  an  example  of  the  calculation  of  the  power  from  the  flow, 
suppose  a  stream  is  discovered  to  discharge  100  cubic  feet  per  second. 
This  quantity,  multiplied  by  62.45,  gives  the  total  weight  of  water 
passing  the  section  every  second,  and  this  total  weight  divided  by  550, 
the  foot-pounds  of  energy  per  second  necessary  to  give  one  horsepower, 
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gives  11.35,  the  theoretical  horsepower  of  the  stream  per  foot  of  fall. 
In  practice  this  process  may  be  somewhat  shortened  by  multiplying  the 
quantity  of  water  in  cubic  feet  per  second  by  0.1135,  which  will  give 
the  theoretical  horsepower  direct.  The  actual  horsepower  which  can  be 
obtained  will  range  from  70  to  84  per  cent,  of  the  theoretical,  according 
to  the  efficiency  of  the  motor  employed.  This  may  be  obtained  approxi- 
mately by  multiplying  the  discharge  in  cubic  feet  per  second  by  0.087, 
corresponding  to  an  efficiency  of  77  per  cent  in  the  motor. 

The  approximate  theoretical  power  at  other  points  on  the  same  stream 
may  be  estimated  by  a  simple  comparison  of  the  areas  draining  past  the 
places,  it  being  assumed  that  all  the  area  has  an  equal  rate  of  flow  per 
square  mile  and  that,  therefore,  the  power  at  any  two  points  on  the 
stream  is  simply  proportional  to  the  areas  drained  past  the  points. 
Strictly  speaking  this  is  not  true,  since  the  discharge  per  square  mile 
from  any  drainage  area  increases  as  the  head  of  the  stream  is  approached, 
but  the  law  of  the  increase  is  not  well  known.  Any  error  thus  intro- 
duced will,  however,  be  on  the  side  of  safety,  giving  the  discharge  as 
smaller  than  it  should  be. 

THE  AVESiAOE  FLOW  OF  A  STBEAJC 

At  first  sight  it  would  seem  that,  knowing  the  daily  discharges  of  a 
stream  throughout  the  year,  the  question  of  its  average  flow  would  be 
an  easy  one  to  answer,  but  it  is  soon  seen  that  a  variety  of  answers  may 
be  given.  By  an  examination  of  the  discharge  diagrams  given  in  this 
report  (pp.  289  to  334),it  will  be  seen  that  the  streams  fluctuate  so  widely 
in  the  amounts  of  water  flowing  in  them  from  day  to  day  or  from  year 
to  year  that  they  cannot  be  said  to  flow  with  anything  like  regularity  for 
any  appreciable  length  of  time,  except  during  summer  droughts,  when 
for  a  time  the  stream  gradually  sinks  lower  and  lower  or  maintains  its 
flow  within  small  limits  for  a  considerable  period.  An  average  flow  for 
such  a  period  may  be  readily  obtained,  but  it  will  not  be  applicable  for 
the  whole  year,  though  such  an  average  is  unquestionably  of  value  in 
determining  the  waterpower  of  a  stream. 

In  the  computations  of  the  discharge  given  further  on,  the  mean  flow 
has  been  estimated  by  months  and  from  this  by  years,  but  this  does  not 
ftdfil  the  conception  of  average  flow  since  it  includes  flood  gaugings 
and  is  notably  increased  thereby. 

An  arbitrary  method  has  been  suggested  by  Mr.  Leslie  *  for  computing 
the  "  average  summer  discharge  "  or  "  ordinary  "  flow  of  a  stream  from 
the  daily  gaugings,  as  follows: 

*  Miautes  of  Proceedings  of  tbe  Institution  of  Civil  Engineers,  vol.  x,  p.  827,  quoted  by  Fan- 
ning, Water  Supply  and  Hydraullo  Bngineerlng,  9th  ed.,  P*  80. 
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or  '' 
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"  Bange  the  discharges  as  observed  daily  in  the  order  of  their  mag- 
nitude. 

"  Divide  the  list  thus  obtained  into  an  upper  quarter,  a  middle  half 
and  a  lower  quarter. 

"  The  discharges  in  the  upper  quarter  of  the  list  are  to  be  considered 
as  floods^  and  in  the  lower  quarter  as  minimum  flows, 

"  For  each  of  the  gaugings  exceeding  the  average  of  the  middle  half, 
including  flood  gaugings,  substitute  the  average  of  the  middle  half  of 
the  list,  and  take  the  mean  of  the  whole  list,  as  thus  modified,  for  the 
ordinary  or  average  discharge^  exclusive  of  flood  waters,^^ 

Fanning  notes  that  this  rule  applied  to  the  discharge  of  several  Xew 
England  streams  gave  results  varying  from  one-fourth  to  one-third  of 
the  mean  flow,  including  floods. 

This  rule  was  applied  to  the  daily  discharges  of  the  Yadkin  river  at 
Norwood,  N.  C,  for  1898,  giving  as  the  average  flow,  excluding  floods, 
3,937  cubic  feet  per  second,  while  the  mean  flow  for  the  year,  including 
floods,  was  6,432  cubic  feet  per  second.  It  will  be  noted,  however,  that 
during  this  year  the  floods  on  this  stream  were  relatively  infrequent  and 
generally  small  in  volume. 

VALU£  OF  THESS  MEA8X7BE1CENTS. 

While  measurements  of  this  sort  extending  over  only  a  short  period 
are  of  value,  it  is  obvious  that  the  value  increases  vastly  as  the  time 
over  which  they  extend  is  increased,  since  in  the  longer  period  there 
is  the  greater  probability  that  the  extremes  of  the  conditions  producing 
variations  in  the  flow  will  be  met  with,  that  the  abnormal  years  and 
seasons  will  occur  as  well  as  the  normal  years  and  seasons,  and  that  thus 
a  more  accurate  knowledge  of  the  flow  under  all  the  conditions  which 
eflFect  it  will  be  obtained. 

The  stages  of  flow  of  most  interest  to  those  who  have  to  do  with 
waterpower  are  the  minimum  flow,  or  that  quantity  which  is  perma- 
nently available  even  during  the  most  severe  and  long-continued 
droughts;  and  that  stage  of  flow  which  may  be  called  the  low  season 
flow  of  dry  years,  and  which  can  be  depended  on  at  all  times  save  on  a 
few  days  in  the  dryest  seasons  of  the  dryest  years  when  the  flow  is 
approaching  its  absolute  minimum  (see  pp.  54  to  58).  These  low  stages  of 
flow  are  only  maintained  for  short  periods  of  time,  but  they  represent 
the  power  which  can  be  depended  upon  as  limited  above,  and  it  be- 
comes a  question  to  be  solved  by  economical  considerations  whether  any 
construction*  shall  be  planned  requiring  more  power  than  these  stages  of 
flow  will  yield.  If  part  of  the  machinery  can  economically  remain  idle 
for  a  part  of  the  time,  then  such  a  development  can  be  made,  otherwise 
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auxiliary  steam  or  electrical  power  must  be  secured  to  supply  the  de- 
ficiency during  the  dry  seasons. 

In  general,  the  knowledge  of  these  stages  of  flow  cannot  be  obtained 
by  a  short  aeries  of  observations,  but  it  seems  that  these  measurements 
were  begun  in  the  South  Atlantic  states-  at  a  time  very  favorable  for 
obtaining  these  stages  of  flow  or  certainly  a  very  close  approximation 
to  them. 

THE  BBOXXOHT  OF  1897. 

The  flow  of  a  stream  is  primarily  dependent  on  the  precipitation  on 
the  drainage  basin,  but  the  year  of  minimum  rainfall  is  not  necessarily 
the  year  when  the  streams  will  attain  their  lowest  stages  of  flow.  Varia- 
bility of  flow  depends  largely  on  the  distribution  of  the  rainfall  through- 
out the  year.  The  average  yearly  flow  will  be  least  in  the  year  when 
least  rain  falls,  but  the  average  flow  for  a  period  of  from  one  to  three 
months  in  the  year  when  the  rainfall  is  near  or  even  a  little  above  the 
noi-mal  may  be  less  than  for  any  similar  period  in  the  year  of  minimum 
rainfall.  A  period  of  several  months  may  occur  when  the  evaporation 
is  large,  the  quantity  of  water  absorbed  by  vegetation  is  large  also,  the 
sub-surface  supply  which  tends  to  regulate  the  flow  of  the  stream  has 
been  drawn  down  in  previous  periods  of  drought,  and  very  little  rain 
falls,  then,  in  such  a  period  as  this,  the  streams  will  attain  a  very  low 
stage  of  flow  only  possible  when  some  such  series  of  circumstances  all 
act  together  to  this  end.  When,  in  addition  to  this,  the  year  when  such 
a  condition  occurs  is  also  the  year  of  minimimi  rainfall,  then  the 
streams  in  the  region  thus  affected  will  attain  the  lowest  possible  stage 
of  flow.  It  was  this  condition  that  existed  in  North  Carolina  and  for 
the  Southern  states  generally  during  1897. 

For  the  entire  South  Atlantic  states  the  period  from  1894  to  1897 
inclusive  was  a  period  of  less  than  the  average  rainfall,  the  deficiency 
for  the  area  for  1896  alone  amounting  to  10.7  inches,  and  for  the  period 
of  11  years,  from  1887  to  1897  inclusive,  eight  of  these  years  have  been 
years  of  less  than  normal  precipitation,  the  deficiency  varying  from  10.7 
inches  to  1.5  inches,  the  greatest  excess  over  the  normal  being  only  2 
inches  in  1889.* 

In  North  Carolina  since  1891  there  has  been  an  annual  deficiency 
in  precipitation,  only  one  year,  1895,  showing  an  amount  above  the 
normal,  and,  according  to  the  testimony  of  numerous  persons,  during  all 
this  time  the  level  of  the  underground  waters  as  shown  by  wells  and 
springs,  was  gradually  sinking,  reaching  in  September  and  October  of 
1897  the  lowest  point  certainly  in  a  quarter  of  a  century. 

*  Bull.  D.,  U.  S.  Dept.  A^.  Weather  Bureau,  p.  9. 
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The  drought  beginning  in  August,  1897,  was  the  most  severe  in  the 
history  of  the  state,  and  caused  the  lowest  stages  of  the  rivers  ever 
known.  For  the  month  of  September  the  precipitation  was  the  next 
smallest  on  record  for  that  month,  amounting  to  an  average  of  1.47/ 
inches  for  the  entire  state. 

During  the  month  of  October,  1897,  many  of  the  rivers  attained  a 
stage  of  flow  even  lower  than  in  September,  for  the  very  dry  period 
was  not  broken  till  the  last  half  of  the  month,  and  the  demands  of  the 
vegetation  and  evaporation  being  greater  than  the  supply,  and  the  sub- 
surface water-level  having  been  drawn  down,  the  rivers  continued  to 
fall.  The  following  table,  giving  the  monthly  average  precipitations  at 
all  stations  in  North  Carolina,  shows  that  the  rainfall  in  this  state  for 
1897  was  less  than  the  normal  by  5.91  inches,  and  that  this  year  was 
the  dryest  year  with  one  exception,  1872,  in  all  the  time  covered  by 
the  records  of  the  Weather  Bureau,  a  period  of  over  26  years.  Thus 
all  the  conditions  for  a  period  of  minimum  stream-flow  were  fulfilled, 
and  it  seems  improbable  that  the  flow  will  ever  fall  very  much  lower 
than  in  this  year. 

Precipitation  in  North  Carolina. 
Monthly  aveniffei  for  entire  area. 


Jan. 


1872., 
1873. 

1874.. 

1875., 
1876. 
1877. 

1878. 
1879. 
1860. 

1«81. 
1882. 


1884.. 

1886  . 
1886.. 

1887.. 
1888., 
1889.. 
1890.. 
1891.. 
1892.. 
1898.. 
1894.. 
1896.. 
1896. 
1897.. 
1898. 


1.96 
4.99 

4.49 

4.81 
1.72 
8.97 

6.82 

4.63 

I'  2.60 

I  4.66 

1 1  7.82_ 

5~9U 

6.78 
4.46 

3.30 
4.16 
5.26 

1*1 
4.66 
6.06 
2.91 
8.91 
6.41 
2.79 
2.80 
2.63 


Normals      4.85 


Feb. 


4.76 
9.08 


4.99 

4.93 
8.70 
1.91 

3.00 
3.68 
3.23 

4.16 
4.64 

8.44 

6.66 

3.70 
2.31 

3.02 
4.26 
3.72 
4.20 
6.70 
3.35 
6.41 
4.82 
2.42 
6.64 
6.90 
1.^ 

4.21 


Mar. 


Apr. 


4.42 
2.87 

4.30 

7.20 
6.90 
6.29 

2.23 

3.80 
6.63 

4.81 
6.41 
5.16 

8.50 
5.46 

a.22  ! 

6.88  I 


3.40 
7.70 
8.80 
2.81 
2.05 
5/27 
2.59 
6.66 
4.02 


2.42 
1.76 

7.96 

'4^7r 
3.09 
6.91 

6.06 
3.71 
8.91 

4.39 
3.97 
6.99 


2.28 
3.06 

2.84 
1.74 
3.6:^ 
2.75 
2.37 
3.08 
3.58 
1.75 
7.86 
1.99 
.3.68 
3.70 


May|June' July 


3.82 
7.11 


4.23 

3.60 


4.(W 
4.56 


3.58     4.00     611 


2.52 

4.28 
2.56 

4.02 
3.48 
2.03 

2.34 
3.20 
3.35 


I  4.20  I 
5.80 
4.84  , 


5.B4 
4.05 
6.52 


4.00  .  3.57 
2.14  5.70 
3.56     6.40 

4.10  4.65 
2.87  5.84 
6.74  I  3.12 


2.76  I  5.66     5.03 


Aug. 


6.40 
7.14 

6.78 

7.46 
5.44 
5.37 

8.56 
7.52 
7.06 

2.01 
6.08 
3.46 

8.00 


Sept.  Oct.    Nov.   Dec ,  Year. 


8.20  I 
4.87 


8.86 

3.11 


;  2.78  I  4.65 
i  3.70     3.40  j 


45.55 
55. 6e 


6.58     1.68     8.80     2.83       54.64 


3.54  ,  3.18  '  8.06  ;  4.40 

8.86  I  3.87     2.67     3.53  i 
10^18     6.55     5.53  |  5.80 

4.0U~|  5.36     3.46  S  6.28  , 

3.57  '  3.56  I  3.31  <  4.58  I 

8.63  .  8.62     6.76     8.98  ' 


6.61  '  4.04     4.03  ,  4.08 
6.15     7.20     7.41  I  6.80 

4.45  i  4.02  '  6.13  I  0.80 


3.57  3.86 
6.45  I  4.60 
7.26  I  8.21 

2.04  ,  0.81 


8.40 

2.28 


4.36  ,  4.88 
2.74  I  3.81  ' 
2.00     2.06 


56.36 
53.10 
64.88 

56.88 
40.67 
54.28 

48.17 
55.50 
56.00 


8.08  ;  6.77  I    54.31 


6.05     4.82 
0.84  I  3.00  ' 


4.15 
3.86 


2.11  I  6.72  I  1.20     4.70  '    53.00 


51.30 
51.SI 


7.04 

4.6-i 

4.70 

5.3R 

8.67  I 

5.57 

4.00 

4.83 

4.28 

3.78  I 

3.69 


3.11 
6.91 
2.88 
3.60 
6.68 
6.74 
2.62 
3.53 
6.86 
3.09 
3.41 


3.26 
7.73 
7.10 
6.75 
5.73 
4.01 
6.07 
6.25 
_8.W 

6.08 


4.66 
5.56 
6.36 
8.28 
3.84 
7.18 
6.13 
5.60 
2.81 


4.66     3.77  I  4.21     4.37     6.58 


I 


8.41 
7.04 

6.85 


0.06  I  4.64 
4.04  I  2.48 
5.33  {  4.20 
2.11  I  2.55 
3.48  0^ 
5.61  I  6.64 
4.77  '  5.50 


1.25 


5.81 
1.47 
4.24 


1.86 
1.00 
3.00 
6.42 


4.41     3.67 


8.38  I 

4.81 

0.36  I 

3.07 

3.66 

2.77 

1.42 

8.16 

4.67 

2.80 

8.24 


3.38 
0.50  I 
~3.50  ! 
2.34 
2.81 
8.13  I 
3.53 
8.41 
2.51  I 
3.67 
2.74  , 


54.06 
50.73 
46.49 
54.55 
47.04 

sst.m 

46.57 
50.23 
47.54 
46.19 
50.01 

8.%     3.80       52.10 


I 


>  Climate  and  Crops,  U.  S.  Dept.  Agr.,  N.  C.  Section,  1897.  p.  3. 
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The  dryest  month  of  which  there  is  any  record  was  November,  1890, 
when  the  precipitation  for  the  entire  state  was  only  0.35  inch,  and  the 
rainfall  for  this  year  was  but  very  little  more  than  fell  in  1897,  but 
the  years,  that  preceded  were  years  of  more  than  average  rainfall,  and 
so  the  underground  supply  had  been  kept  up  and  was  ready  to  be 
drawn  upon  to  maintain  the  flow  of  the  streams  at  about  the  normal 
low-water  flow. 

This  table  also  shows  the  amount  and  the  distribution  of  the  rainfall 
in  North  Carolina.  It  is  seen  that  the  precipitation  is  large  in  amount, 
well  distributed  throughout  the  year,  the  dryest  months  occurring  in 
October  and  November,  and  that  periods  of  drought  are  rare  and  of  short 
duration.  Since  the  rainfall  is  large,  we  are  led  to  expect  a  large  annual 
flow  in  the  streams,  and  since  the  dryest  periods  fall  at  a  time  when  the 
demands  of  plant  life  and  of  evaporation  are  still  great,  we  are  led  to 
expect  a  variable  flow  and  such  is  the  case,  all  the  rivers  in  North  Caro- 
lina on  which  there  is  any  waterpower  being  subject  to  periods  of  low 
flow  and  to  violent  freshets.  Any  hydraulic  construction  on  any  of 
these  streams  needs  be  as  flrmly  founded  as  the  hills  themselves,  else 
some  day  its  ruins  will  go  dashing  along  toward  the  ocean  on  the  crest 
of  some  flood  wave. 


CHAPTER  XV. 
EESULTS  OF  STEEAM  MEASUEEMENTS/ 

UNITS  OF  mSASUBEMEHT. 

The  resTilts  of  the  stream  measurements  shown  in  the  following 
pages  are  expressed  in  second-feet,  this  having  been  found  to  be  the 
most  convenient  unit  in  which  to  express  the  discharge  of  rivers.  A 
second-foot  of  water  may  be  defined  as  a  stream  of  one  foot  wide  and 
one  foot  deep,  flowing  with  a  velocity  of  one  foot  per  second. 

The  unit  of  quantity  or  of  capacity  employed  is  the  acre-foot,  equiva- 
lent to  that  quantity  of  water  which,  if  spread  out  over  an  area  of  one 
acre,  would  cover  it  to  a  depth  of  one  foot  This  is  equal  to  43,560 
cubic  feet.  There  is  a  convenient  connection  between  these  units.  One 
second-foot  flowing  for  24  hours  will  deliver  86,400  cubic  feet  of  water, 
equivalent  to  nearly  2  acre-feet  (more  exactly,  1.983471  acre-feet). 
Many  engineers  are  still  inclined  to  use  the  million  gallons  as  the  unit 
of  storage,  as  this  is  well  fixed  in  computations  relating  to  municipal 
supply.  For  convenience,  it  may  be  stated  that  one  acre-foot  equals 
325,851.45  gallons,  or  a  little  less  than  a  third  of  a  million  gallons. 

In  the  following  tables  the  maximum,  minimum  and  mean  quantity  in 
the  streams  each  month  are  given  in  second-feet  and  the  total  discharge  in 
acre-feet.  To  obtain  this  total  for  the  month  in  acre-feet  it  is  the  usual 
practice  to  multiply  the  mean  daily  discharge  in  second-feet  by  a  factor 
which  is  the  product  obtained  by  dividing  the  number  of  seconds  in 
each  month  by  the  number  of  square  feet  in  an  acre.  For  a  month  con- 
taining 31  days  this  factor  is  61.49;  for  a  month  of  30  days  it  is  59.50; 
for  a  month  of  29  days  it  is  57.52;  and  for  a  month  of  28  davs  it  is 
55.54. 

The  depth  of  run-oflf  over  the  whole  basin  is  also  given  for  each 
month  in  inches  for  convenience  of  comparison  with  the  rainfall,  and 
also  in  cubic  feet  per  second  for  every  square  mile  of  drainage  area. 
The  former  is  obtained  by  multiplying  the  acr^feet  per  month  by  12 
to  obtain  acre-inches  and  dividing  this  by  640,  the  number  of  acres  in  a 
square  mile  and  also  by  the  number  of  square  miles  in  the  drainage 
basin.     The  run-off  in  second-feet  per  square  mile  is  simply  the  mean 

»By  B.  W.  Myers. 
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monthly  discharge  divided  by  the  total  area  of  the  basin  in  square  miles, 
the  whole  area  being  assumed  to  discharge  at  a  uniform  rate.  The  mean 
discharge  for  the  year  is  taken  to  be  the  average  of  all  the  mean  monthly 
discharges,  and  the  total  quantity  of  run-off  is  the  sum  of  the  monthly 
run-offs. 

GIiABXSVILLE  STATION,  QN  THE  DAN  AND  STAUNTON  BIVEBS. 

At  Clarksville,  Virginia,  the  Dan  and  Staunton  rivers  unite,  forming 
the  Eoanoke.  The  Southern  railway  bridge  crosses  the  river  about 
one  thousand  feet  above  the  junction,  the  sections  being  suitable  for 
measurement  at  both  points. 

About  four  miles  above  the  junction  of  the  Dan  and  Staunton  rivers 
is  a  cutroff,  apparently  occupying  an  old  channel,  diverting  water  from 
the  Dan  to  the  Staunton.  At  its  mouth  is  a  shoal  or  riffle  about  70  feet 
long,  the  water  being  on  December  4,  1895,  about  one  foot  deep  and 
having  an  estimated  velocity  of  approximately  3  feet  per  second,  giving 
a  total  discharge  from  the  Dan  to  the  Staunton  of  200  second-feet.  The 
average  width  of  the  water  surface  in  the  channel  was  160  feet.  The 
total  fall  between  the  two  rivers  was  estimated  to  be  approximately  2 
feet,  this  being  principally  at  the  riffle  at  the  mouth  of  the  channel. 
The  total  length  of  the  channel  was  about  1000  feet.  This  cut-off,  by 
carrying  water  from  the  Dan,  vitiates  the  separate  computations  of  dis- 
charge made,  but  does  not  affect  the  total  discharge  for  the  Eoanoke. 

Gauging  stations  were  established  on  the  Dan  and  Staunton  rivers  at 
Clarksville  on  October  28,  1895.  On  Dan  river  the  gauge  is  fastened 
to  the  inside  of  the  guard-rail  of  the  fourth  panel  of  the  third  span  west 
of  the  Southern  railroad  bridge.  The  distance  from  the  zero  of  the 
rod  to  the  outside  of  the  pulley-wheel  is  3  feet;  the  length  of  the  wire 
rope  is  33.17  feet.  The  waterpower  of  Dan  river  has  been  developed 
to  a  considerable  extent  at  Danville.  An  examination  at  points  above 
showed  that  the  dams  at  Danville  pond  the  water,  and,  as  a  result,  modify 
the  natural  characteristics  of  the  stream. 

The  gauge  on  the  Staunton  river  is  fastened  to  the  inside  of  the  guard- 
rail of  the  fourth  panel  of  the  third  span  from  the  west.  The  distance 
from  the  zero  of  the  rod  to  the  outer  rim  of  the  pulley-wheel  is  3  feet; 
the  length  of  the  wire  gauge  is  33  feet;  the  distance  of  the  top  and  upper 
end  of  the  third  floor  beam  of  the  second  span  from  the  west  from  the 
water  surface  was  27.15  feet  when  the  gauge  height  was  0.25  foot. 
The  distance  from  the  east  abutment  of  the  Dan  river  bridge  to  the 
west  abutment  of  the  Staunton  river  bridge  is  165  feet.  The  tables  of 
daily  gauge  heights  for  these  stations  will  be  found  in  Water  Supply 
and  Irrigation  Papers  Nos.  11  and  15,  published  by  the  U.  S.  Geological 
Survey. 
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LI8T  OF  DlSOHAROE  MEASUKEMENTi)  MADE  ON    DaN  RIVER  AT  ClARKSVILLB,  ViROINIA. 


No. 


Date. 


8 
9 
10 


Hydroffrapher. 


Meter ' 
No. 


1895. 

Oct.    2  C.C.Babb 29 

Oct.  28  ....do 29 

Deo.  5  ....do ae 

1896. 

Apr.  22  E.  W.Myen 21 

May  28  I. ...do 21 

July  15  :....do 21 

8ept.l5  A.P.Davis 68 

1897. 

Feb.  25  E.  W.Myers 2164 

Moh.l8  ....do 2154 

Sept.29  ....do ,  2154 

1898.  !  I 

Jan.   8.  K.W.Myers 2154 


Gauge 
height 

(feet). 


0.38 
U.65 
1.12 


1.90 
1.77 
2.97 
1.17 


12.32 
4.21) 
0.10 


1.05 


Area  of 

section 

(square 

feet). 


591 

n9 

885 


1,209 

1,465 

1,992 

953 


7,443 
2.867 

797 


1,138 


(feet  per     ^*^S^ 
second).        ^••*'* 


1.81 
1.44 
1.60 


1.89 
1.47 
2.39 
l.SO 


3.49 
2.70 
1.07 


1.76 


773 
1.1^ 
1.38^ 


2,291 
2,155 
4,688 
1,433 


26,015 
7,755 


2,008 


Ratino-Table  for  Dan  river  at  Clarksville.  Viroikia,  for  1896. 


Gauge 
height. 


Dl«>h.r,..  i     «?,"£?.    I  DUctaw.  !    ^^g^ 


height. 


Discharge. 


Gauge 
height. 


Discharge. 


Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet 

0.00 

590 

3.20 

4,800         1 

6.20 

12,650 

9.40 

21^«0 

0.20 

700 

3.40 

5,250 

6.40 

13ji00 

9.60 

21,900 

0.40 

825 

3.60 

5,725 

6.60 

13,780 

9.80 

22,430 

0.60 

965 

3.80 

6,225 

6.80 

14,300 

10.00 

23,000 

0.80 

1,115 

4.00 

6,725 

7.00 

14,800 

10.20 

23,550 

1.00 

1,280 

4.20 

7,225 

7.20 

15,350 

10.40 

34,100 

1.20 

1,460 

4.40 

7.725 

7.40 

15.900 

10.60 

24,650 

1.40 

1,645 

4.60 

8,260         1 

7.60 

16.450 

10.80 

25,200 

1.60 

1,880 

4.80 

8.800 

7.80 

17.000 

11.00 

35,750 

1.80 

2.i:« 

5.00 

9,260 

R.OO 

17,550 

11.30 

36,300 

2.00 

2,425 

5.20 

9,800 

8.20 

18.100 

11.40 

26350 

2.20 

2,725 

5.40 

10,850 

8.40 

18,660 

11.60 

27,400 

2.40 

3,075 

5.60 

10,900 

8.00 

19,200 

11.80 

27,960 

2.60 

3,525 

5.80 

11,450 

8.80 

19,750 

12.00 

28,500 

2.80 

'         3,926 

6.00 

12,100 

9.00 

20,300 

12.20 

29,060 

3.00 

4,350 

... 

9.20 

20,800 

Estimated  Monthly  Discharge  of  Dan  river  at  Clarksville,  Viroinia. 
[DralnAge  area,  3798  square  miles.l 


Month. 


Discharge  in  second-feet. 


Kun-off. 


1896. 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Maxi- 
mum- 


20,163 
17,246 
24,017 

7,660 

5,900 
»33,000 

2,006 
10,542 
20.218 
14,620 

8,855 

83.000 


ToUlIn 


2,091 
2.231 
2.091 
1,255 
1,266 
1,131 
839 
885 
1,131 
1,251 
1,469 

825 


5,070 
4,985 
4,777 
2.715 
2,146 
4,800 
1,304 
1,373 
1,856 
2,280 
2,365 


291,636 
303,458 
284^1 
166,940 
127,636 
295,].'^ 
74,034 
81,098 
114,125 
134,470 
145,424 


3.060     •  2,018,784 


Depth  in 
inches. 


1.48 
1.53 
1.44 
0.84 
0.64 
1.49 
0.37 
0.41 
0.58 
0.66 
0.72 


10.18 


Seoond-feet 

per  square 

mile. 


1.37 
1.33 
1.29 
0.73 
0.58 
1.29 
0.82 
0.37 
0.50 
0.61 
0.63 


0.82 


*For  measurement  No.  5  ohanael  had  out  out  badly,  averaging  almost  all  way  across  a  < 
of  1  foot.  *  Estimated. 


out 
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Rating-Table  for  Dan  river  at  Clarksville,  Virginia,  for  1807. 


Oauire 
hetght. 


Feet; 
-1.50 
—1.40 
-1.3D 
-1.20 
-1.10 
—1.00 
-0.90 
-0.80 
-0.70 

-o.eo 

—0.50 
-0.40 

-o.ao 

-0.30 

-0.10 

0.00 

0.30 


Discbarge. 

(^auge    , 
beiirht.    ^ 

Sec.  feet. 

Feet. 

400 

0.40 

430 

0.80 

440 

0.80 

400 

1.00 

480 

1.30 

500 

1.40 

530 

1.60 

MO 

1.80 

500 

2.00 

680 
000 
620 
645 
670 
700 
780 
810 


2.30 
2.40 
2  60 
2.80 
3.00 
3.30 
8.40 
3.60 


Discharge. 

Gauge 
height. 

siec.  feet. 

Feet. 

890 

3.80 

990 

4.00 

1.100 

4.30 

1,240 

4.40 

1,400 

4.60 

1,630 

4.80 

1,900 

6.00 

2,250 

6.20 

2,686 

5.40 

3,088 

6.60 

3.M0 

5.80 

3,992 

6.00 

4,444 

6.30 

4.896 

6.40 

5,848 

6.80 

5,800 

6.80 

6.352 

7.00 

Discharge. 


Sec.  feet. 

6,704 

7.156 

7,606 

8,000 

8,512 

8,964 

9,416 

9,868 
10,330 
10,772 
U,234 
11,676 
12,128 
12,580 
18,083 
18,484 
18.986 


Gauge 
height. 


Feet. 

7.30 

8.00 

8.50 

9.00 

9.50 

10.00 

10.60 

11.00 

11.50 

12.00 

12.50 

13.00 

18.50 

14.00 


Discharge. 


Sec.  feet. 
16,066 
16,196 
17,836 
18,466 
19,586 
20,716 
21,846 
22,976 
24,106 


36.866 
27,496 
28,626 
29,756 


Estimated  Monthly  Discharge  op  Dan  river  at  Clarksville,  Virginia. 
[Drainage  area,  8796  square  miles.] 


Discharge  in  second-feet. 


Month. 


Maxi- 
mum. 


ToUl  in 


I    Mini-       ifA«n      acre-feet. 


1897. 

January 7,289 

February 27^ 

March lojw 

April 7,382 

Mny 10,094 

June 2,076 

July 83)1 

August 1,330 

September 890 

October ,  4,806 

November '  10.830 

December 7.882 

The  vear 27.044 


1,186 

2,340 

2,749 

1.820 

1,900 

1,100 

1,046 

880 

780 

400 

760 

990_ 

400 


2,566 
9,212 
6.080 
8,481 
5,014 
1.326 
1,404 

984 

765 
1,609 
1,708 
3.381 

3.028    2,163.638 


167,716 

611,610 

970,770 

207,186 

808,298 

78.908 

88,880 

60,604 

44,996 

96,988 

101.336 

137,180 


Depth  in 
inches. 


0.78 
2.68 
1.88 
1.02 
1.62 
0.39 
0.48 
0.80 
0.22 
0.48 
0.60 
0.68 

10.68 


Run-Off. 

Second-feet 


per  square 
mile. 


0.68 
2.43 
2.69 
0.92 
1.33 
0.86 
0.87 
0.28 
0.20 
0.43 
0.45 
0.69 


0.80 


FIQ.  17.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  DAN 
RIVER    AT  CLARKSVILLE    VA.    FOR  1897.     (U.  S.  G.  S.) 
19 
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SE6ULTS   OF   STBEAM    MEASUKEMENTS. 


lasT  or  Discharge  Measurements  made  on  Staunton  river  at  Clarksville,  Virginia. 


No. 


8 
9 
10 


Date. 


1806. 

Oct.  8 
Oct.  28 
Dec.    5 

1806. 

Apr.  22 
May  26 
July  16 
Sept.  16 

1897. 

Feb.  26 
Mch.  18 
Sept.  29 

1898. 

Jan.    8 


Hydrograpber. 


C.C.  Babb.. 

....do 

....do 

E.  W.  Myers 

....do 

....do 

A.  P.  Davli . 

E.  W.  Myers 

....do 

...do 

B.  W.  Myers 


Meter 
No. 


29 
76 

6K 


21 
21 
21 


2164 
2164 
2164 


2164 


Gauge 
height 

(feet). 


0.07 
0.28 
0.61 


l.»7 

1.14 

2.64 

-0.06 


11.96 

3.68 

-0.26 


0.70 


Area  of  Mean 

section  I  velocity 

(square  (feet  per 

feet).  second). 


660 
669 
917 


1.401 

1,800 

728 


7.250 

2.888 

610 

992 


0.97 
1.81 
1.26 


1.68 
1.30 
2.26 
1.08 


4.08 
2.93 
1.26 


1.97 


Discharge 

(second 

feet>. 


861 
U51 


1.9n 
1,966 

4jess 

748 


29;sse 

8,336 
768 


Rating-Table  wok  Staunton  river  at  Clarksvili^e,  Virginia,  for  1806. 


Gauge 
height. 

Discharge. 

OauKe 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

i  Discharge. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

0.00 

686 

1.40 

2,096 

5.00 

10,100 

8.60 

20,200 

-0.10 

680 

1.60 

2,395 

6.20 

10,660 

8.80 

20.800 

-0.20 

680 

1.80 

2,716 

5.40 

11,200 

9.00 

1        21,400 

-0.30 

636 

2.00 

3,060 

6.60 

11,760 

9.20 

1        22.000 

-0.40 

500 

2.20 

3,396 

6.80 

12,300 

9.40 

22.600 

-0.50 

470 

2.40 

8,760 

6.00 

12,860 

9.60 

1      23jaoo 

-«.60 

440 

2.60 

4,160 

6.20 

13.400 

9.80 

23,800 

-0.70 

410 

2.80 

4,600 

6.40 

13,960 

10.00 

'         24,400 

-0.80 

380 

3.00 

6,100 

6.60 

14,600 

10.20 

26,000 

-0.90 

860 

3.20 

6,600 

6.80 

16,060 

10.40 

26.600 

-1.00 

830 

3.40 

6.100 

7.00 

16,600 

10.60 

1        26,200 

0.00 

685 

8.60 

6,600 

7.20 

16.180 

10.80 

,        86.803 

0-20 
0.40 

820 

3.80 

7,100 

7.40 

16,660 

11.00 

27,400 

980 

4.00 

7,600 

7.60 

17JS40 

11.20 

28.000 

0.60 

1,160 

4.20 

8,100 

7.80 

.    17,820 

11.40 

!        28.600 

0.80 

1.850 

4.40 

8,600 

8.00 

18,400 

11.60 

29,200 

1.00 

1,560 

4.60 

9,100 

8.30 

19,000 

11.80 

1        29,800 

1.20 

1,810 

4.80 

9,600 

8.40 

19,600 

12.00 

1        30,400 

Estimated  Monthly  Discharge  or  Staunton  river  at  CiiARKSViLLS,  Virginia. 
[Drainage  area,  3646  square  miles.] 


Month. 


1896. 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Discharge  in  second-feet. 


Maxi- 
mum. 


19.660 

16,564 

23.890 

7,326 

6.460 

»38,000 

2,469 

3.899 

19,900 

14,006 

6,125 

38.000 


Mini 
mum. 


1,862 

1,852 

1,732 

016 

680 

823 

636 

645 

892 

1.028 

1,246 


Mean. 


I  Total  in 
I  acre-feet. 


2,427 


261,946 
180,636 
237.405 
137.737 
96,682 
232.040 
52.881 
68.425 
99,614 
117,860 
128,472 


1.606.687 


Run-off. 


Depth  in 
inches. 


1.42 

i.oe 

1.28 
0.75 
0.62 
1.20 
0.2R 
0.87 
0.64 
0.63 
0.67 


Second-feet 

per  square 

mile. 


8.68 


1.38 
0.80 
1.15 
0.66 
0.46 
1.04 
0.24 
0.33 
0.47 
0.57 
0.58 


0-70 


*  Estimated. 
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Rating-Table  roR  the  Staunton  river  at  Clarksville,  Virginia,  for  1897. 


GttUtfe 

Peer. 

-0.70 

-0.60 

-Q.60 

-0.40 

-0.80 

-0.20 

-0.10 

0.00 

0.20 

0.40 

0.60 

0.80 

1.00 

1.20 

1.40 

1.60 


Discharge. 

GauKe 
helirht^ 

Feet. 

Dlscharife. 

Oautff 
height. 

Sec.  feet. 

Sec.  feet. 

Feet. 

640 

1.80 

8,496 

6.00 

660 

2.00 

4,000 

6.20 

680 

2.20 

4,604 

6.40 

600 

2.40 

6,008 

6.60 

625 

2.60 

6,612 

6.80 

650 

2.80 

6,016 

6.00 

675 

3.00 

6,630 

6.30 

700 

8.20 

7.024 

6.40 

MOO 

3.40 

7.628 

6.60 

1,000 

a.  60 

8,032 

6.80 

1,220 

3.80 

8,688 

7.00 

1,470 

4.00 

9,040 

7.20 

1.760 

4.30 

9,644 

7.40 

2.100 

4.40 

10.048 

7.60 

2680 

4.60 

10,6.'i2 

7.80 

2.992 

4.H0 

11.066 

8.00 

Discharge. 

SSSS^ 

Discharge. 

Sec.  feet. 

Feet. 

Sec.  feet. 

HOMO 

8.20 

19,824 

12,064 

8.40 

20,128 

.12,668 

8.60 

20,682 

18,072 

8.80 

21,186 

18,676 

9.00 

21,640 

14,080 

9.60 

22,900 

14,684 

10.00 

24,160 

16,088 

10.60 

26,420 

16,692 

11.00 

36,680 

16.096 

11.60 

27,940 

18,600 

12.00 

293)0 

17,104 

12.60 

80,460 

17,608 

18.00 

81,720 

18,112 

18.60 

82,980 

18.616 

14.00 

84,240 

19,120 

14.60 

86.600 

Estimated  Monthly  Discharge  or  Staunton  river  at  Clarksville,  Virginia. 


Month. 


1897. 

January  

February 

March  

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge 

. 

Maxi-    I     Mini- 
mum.  1    mum. 

Mean. 

11,686 
29.826 
11,988 

7,906 
10.804 
»8,410 

8,118 

1.470 
900 

6.008 
10,804 
10,800- 

1,640 

4.604 

8,118 

1,686 

1,760 

U,220 

900 

7J0 

626 

660 

600 

960 

6,778 
10,608 
6.469 
8.684 
6.867 
»2,801 

983 

706 
1,640 
1,640 
2.401 

2».3!J« 

W>0 

3.660 

Total  in 
acre-feet. 


854,970 

688,806 

897,160 

218  2% 

880,004 

186,920 

84,780 

60,442 

41,961 

94,091 

97,687 

147,631 


2M1M1 


Run-off. 


Depth  In 
inches. 


1.88 
8.11 
2.10 
1.18 
1.74 
0.72 
0.46 
0.33 
0.22 
0.49 
0.62 
0.78 


13.46 


Second-feet 

per  square 

mile. 


1.68 
2.99 
1.82 
1.01 
1.61 
0.66 
0.89 
0.28 
O.iO 
0.48 
0.46 
0.68 


1.00 


Sec-feet 

JAN     T 

Trs- 

0  JO 

HAflCM 
10  30 

,  10  JO 

J 
1 

mAY 

0^0 

it)  ?o  _ 
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10  It 

1        1 
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FIG.  18.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE 
STAUNTON  RIVER,  AT  CLARKSVILLE,  VA.,  FOR  1897.     (U.  S.  G.  S.) 


*  Records  for  month  not  complete. 
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RESULTS    OF   STHEAM   MEASUllBHENTS. 


MSAIJS  STATIOir,  OK  THX  BOANOXE  BIVBB. 

The  gauge  on  this  stream  is  located  on  the  Norfolk  and  Carolina  rail- 
road bridge  which  crosses  the  river  near  Neals  station.  The  zero  of 
the  gauge-rod  is  over  the  center  of  the  fourth  floor  beam  of  the  second 
span  from  the  north  end  of  the  bridge.  The  distance  from  the  zero  of 
the  rod  to  the  outer  rim  of  the  pulley-wheel  is  2.47  feet>  and  the  dis- 
tance from  the  end  of  the  weight  to  the  pointer  on  the  wire  is  44.66 
feet  The  section  is  a  fairly  good  one,  the  river  being  straight  for  some 
distance  above  and  below  the  station  and  the  bottom  smooth,  but  being 
muddy  it  is  apt  to  cut  out  in  seasons  of  high  water,  and  both  banks  are 
also  subject  to  overflow,  the  river  sometimes  attaining  a  width  of  one 
and  one-half  miles  during  high  rises. 

The  tables  of  daily  gauge  height  for  this  station  for  1896  and  1897 
will  be  found  in  Water  Supply  and  Irrigation  Papers  Nos.  11  and  15, 
published  by  the  U.  S.  Geological  Survey. 

List  of  Discharqe  Measurements  made  on  Roanoke  biver  at  Nbal8«  North  Carolina. 


No. 


9 
10 


Date. 


Hydroffrapher. 


I  Meter 
No. 


Gauge 
heigbt 

(feet). 


1996. 

July27     B.W.Myers 3154 

Sept.  7     ....do 2164 

Dec.l9     ....do 2154 

1897. 

Jan.  23     B.  W.  Myers 2154 

Feb.27     ....do 2154 

Mar.l7    '....do 2154 

May  17     ....do 2154 

Oct.     1     ....do 2154 

1896. 

Jan.  11    jE.  W.Myers 2154 

May  10    I.. ..do 2154 


7.06 
1.81 

ii.en 


12.66 
27.96 
24.71 
18.40 
1.00 


4.48 
28.60 


Area  of 

section 

(square 

feet). 


8,162 
2.148 
6,214 


5,561 
44,666 
31,680 
7,210 
1,544 


2,606 
8,140 


v2lS5fty  I  Dtocharge 
(reev  per  i      f*^*, 
second),  i      ^**^'- 


1.58 
1.21 
1.76 


2.87 
1.44 
1.19 
2.66 
1.24 


1.66 
8.48 


4.849 
2,610 
9,180 


13J66 
64.18S 
37,660 
19,219 
1,988 


4,834 

27,880 


Ratino-Table  for  Roanoke  river  at  Neami,  North  Carolina,  for  1807. 


Gauge 
helffbt. 

Discharge. 

Gauge 
height. 

Discharge. 

height. 

Discharge. 

Gauge 
height. 

Discharge. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet, 

Sec.  f  eer. 

0.00 

2.000 

4.20 

83)0 

8.40 

6,060 

16.60 

16.960 

0.20 

2,020 

4.40 

8,400 

8.60 

6,240 

17.00 

16,750 

0.40 

2,040 

4.60 

3,600 

8.80 

6,420 

17.60 

174S66 

0.60 

2.080 

4.80 

3,000 

9.00 

6,600 

18.00 

18,400 

0.80 

2.100 

5.00 

3,700 

9.20 

6.780 

18.50 

194a0 

1.00 

2,140 

5.20 

3.805 

9.40 

6.960 

19.00 

303)0 

1.20 

2,190 

5.40 

3,915 

9.60 

7,140 

19.60 

21,380 

1.40 

2,240 

5.60 

4,025 

9.80 

7,330 

20.00 

S23» 

1.60 

2.290 

6.H0 

4,ian 

10.00 

7,600 

20.60 

23,;ao 

1.80 

2,840 

6.00 

4.235 

10.60 

8,000 

21.00 

25.000 

2.00 

2.400 

6.30 

4,365 

11.00 

8,600 

21.60 

36,380 

2.30 

2,475 

6.40 

4.465 

11.60 

9,040 

28.00 

27,700 

2.40 

2,540 

6.60 

4,585 

12.00 

9,600 

28.60 

20490 

2.00 

2,610 

6.80 

4.705 

12.60 

10,190 

23.00 

80.800 

2.80 

2,680 

7.00 

4,850 

18.00 

10,800 

23.60 

38,570 

8.U0 

2,750 

7.20 

5,010 

13.60 

11,460 

24.00 

34,560 

8.20 

2,830 

7.40 

5,180 

14.00 

12.160 

25.00 

893» 

3.40 

2,916 

7.60 

5,360 

14.60 

12,860 

26.00 

44.800 

3.60 

3.005 

7.80 

5,520 

15.00 

18.600 

27.00 

523)0 

3.80 

3,100 

8.00 

6,700 

15.60 

14,870 

28.00 

643)0 

4.00 

3,200 

8.30 

5.880 

16.00 

16.160 

NEALS   STATION   ON   THE   ROANOKE    BIVER. 
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E8TIMATSD  MOHTHI«T  DISCHARGE  OF  ROANOKS  BIVBR  AT  NBAUB,  NOBTH  CAROLINA. 

[Drainage  area  8717  square  miles.] 


Month. 


1886. 

August 

September 

October 

November 

December 

1897. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


4.106 

6,510 

89,720. 

28.220 

21,820 


12,010 

64.300 

87,700 

22J270 

21.160 

9.040 

7,410 

3,660 

8,150 

4,466 

8,710 

10.190 


64.300 


Mini- 
mum. 


2,750 
2,400 
2.890 
2,890 
3,415 


2,790 
2,915 
7,820 
4,625 
4.410 
3,005 
2,790 
2,240 
2,000 
2.010 
2,340 
84250 
2.000 


Mean. 


8J54 
3,217 
9417 
6,896 
7.423 


USUI 

^  71.17 

3.(N^ 
8.077 


Total  in 
acre-feet. 


198,988 
191.424 
600386 
860,886 
466,425 


276^75i& 

1,664.980 

1,408.890 

602,216 

68S3S0 

268,010 

248,246 

164,800 

181,920 

157,470 

184,106 

839,410 

6.756.220 


Run-off. 


Depth  in 
inches. 


0.41 
0.41 
1.21 
0.75 
0.96 


3.76 

0.60 
8.36 
3.02 
1.08 
1.16 
0.66 
0.62 
0.86 
i).28 
0.83 
0.40 
0.72 


I  Second-feet 
I  per  square 
I        mile. 


0.86 
0.37 
1.05 
0.68 
_0.«» 
0.60 

0.52 
3.23 
2.62 
0.97 
1.00 
0.49 
0.45 
0.31 
0.26 
0.29 
0.86 
0.63 


12.87 


0.93 


Rating-Tabli 

FOR  Roanoke  river  at  Nbals,  North  Carolina,  for  1898. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Gkiuge 
height. 

Discharge. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

1.00 

2.000 

4.40 

8,884 

8.80 

0,060 

18.00 

18,800 

1.10 

2,096 

4.00 

8,470 

9.00 

0JB5O 

18.50 

19,180 

1.20 

2,180 

4.80 

8,608 

9.20 

6,480 

19.00 

20.100 

1.80 

2,106 

5.00 

8,000 

9.40 

0,010 

19.60 

21.100 

1.40 

2.200 

6.20 

8,760 

9.00 

0,800 

20.00 

22.800 

1.60 

2.286 

6.40 

3.800 

9.80 

7,000 

20.60 

28aS76 

1.00 

2,270 

6.00 

8,906 

10.00 

7,200 

21.00 

24.900 

1.70 

2.806 

6.80 

4,076 

10.60 

7,700 

21.60 

203» 

1.80 

2,840 

0.00 

4,186 

11.00 

8,200 

22.00 

27,760 

1.90 

2,875 

6.20 

4,296 

11.60 

8,760 

22.60 

29,270 

2.00 

2,410 

6.40 

4,406 

12  00 

9.800 

28.00 

30,900 

2.20 

2,480 

0.60 

4,618 

12.60 

9,9((0 

28.50 

32,040 

2.40 

2,560 

6.80 

4,034 

18.00 

10,600 

24.00 

84.560 

2.00 

2.028 

7.00 

4,760 

18.li0 

11,800 

24.60 

80,780 

2.80 

2.009 

7.20 

4.880 

14.00 

12,000 

26.00 

80,160 

8.00 

2.775 

7.40 

5,010 

14.50 

12,760 

26.50 

41,960 

3.20 

2,866 

7.00 

5,150 

16.00 

18.600 

26.00 

46,000 

3.40 

2.986 

7.80 

5,800 

15.60 

14,275 

26.60 

49UW0 

3.00 

8,020 

8.00 

6,4.'i0 

10.00 

16,075 

27.00 

54.260 

8.80 

8,110 

8.20 

6.000 

10.60 

15,875 

27.60 

60,200 

4.00 

8.200 

8.40 

5,750 

17.00 

16,000 

28.00 

64,800 

4.20 

8,292 

8.00 

5,910 

17.60 

17.440 

Estimated  Monthly  Discharge  of  Roanoke  river  at  Neals,  North  Carolina. 
[Drainage  area  8717  square  miles.] 

Discharge  in  second-feet. 

Totnlln 
acre-feet- 

284,115 
196,834 
280^182 
407,616 
809,231 
810,626 
231,190 
296,062 
501,389 
527,563 
323,880 
549,888 

Run-off. 

Month. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

DpjJtJi  in 

Second-feet 
persguare 

1898. 
January 

11,800 
5,910 
6,900 
14,120 
29.891 
14,755 
6,910 
14,696 

^^ 

17,204 
24,736 
34,043 

3,200 
2,985 
2,986 
8,568 
8,200 
2,159 
2,353 
2,975 
2,060 
2,856 
3,810 
3,910 
2.060 

4,613 
8,644 
8,187 
6,849 
13,180 
6,887 
8,760 
4,816 
8,426 
8,680 
5,443 
8,943 

0.61 
0.43 
0.49 
0.87 
1.74 
0.69 
0.49 
0.63 
1.07 
1.12 
0.70 
1.19 

0.68 

FfibniRrv 

0.41 

March 

0.48 

AnH] 

0.78 

Mky:!;ill*:!!!ii'"l!;!!:'!!iil.. 

1.61 

0.62 

July       

0.48 

0.66 

flAntAmlinr 

0.96 

October 

0.97 

TfovAmbfir 

0.63 

December 

1.06 

The  Year 

6,436 

4,688,370 

10.08 

0.74 
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BESDLTS    OF   STREAM    MEASDBEHEITTS. 
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FIQ.  19.-DIAQRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  ROANOKE 
RIVER,  AT  NEALS,  N.  C,  FOR  1897.     (U.  S.  0.  S.) 
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FIQ.  20.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  FER  SECOND  OF  THE  ROANOKE 
RIVER,  AT  NEALS,  N.  C,  FOR  1898. 

TABBOBO  STATION  ON  THE  TAB.  BIVEB. 

This  station  is  in  the  town  of  Tarboro  and  is  located  on  the  bridge 
of  the  Atlantic  Coast  Line,  which  crosses  the  river  here.  This  gauge  was 
established  July  25,  189G.  The  zero  of  the  gauge-rod  is  over  the  center 
of  the  fifth  floor  beam  from  the  east  end  of  the  bridge.  The  outer  rim 
of  the  pulley-wheel  is  3  feet  from  the  zero  of  the  gauge-rod,  and  the 


TABBORO   STATION   ON   THE   TAB   BIVER. 
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distance  from  the  end  of  the  weight  to  the  pointer  on  the  wire  is  38.30 
feet  The  gauge-reading  is  zero  when  the  weight  touches  the  bottom  of 
the  stream.  Measurements  were  taken  here  temporarily  while  the  steel 
county  bridge  which  crosses  the  river  about  one  hundred  yards  above  was 
under  construction,  and  since  that  time  have  been  made  at  the  latter 
place.  The  section  here  is  a  good  one,  there  being  only  one  pier  ob- 
struction, caused  by  a  steel  tubular  pier,  13  feet  in  diameter.  The 
bottom  is  of  sand  and  mud  but  seems  to  change  very  little. 

The  tables  of  daily  gauge  height  for  this  station  for  1896  and  1897 
will  be  found  in  Water  Supply  and  Irrigation  Papers  Kos.  11  and  15, 
published  by  the  TJ.  S.  Geological  Survey. 


List  of  DiscHAiiaB  Meaburements  made  on  Tab  biver  at  Tabboro,  North  Carolina. 


No. 

Date. 

1996. 

1 
2 
3 
4 

July  85 
Sept.  6 
Sept.  17 
Dec.  17 

1897. 

5 

6 
7 
B 
9 
10 

Jan.  28 
Feb.  26 
Mar.  15 
May  17 
Jury29 
Oct.    2 

1808. 

11 

Jan.  la 

Hydrographer. 


R.  W.  Myers 

....rto 

A.  P.  Davis  . 

B.  W.  Myers 

E.  W.  Myers 

...do 

....do 

....do 

....do 

....do  ....... 

R.  W.  Myers 


Meter 

No. 


215i 

2154 

68 

2154 


2154 
2154 
2154 
2154 
2154 
2154 


2154 


Gauge 
height 

(feet). 


4.85 
0.48 
4.51 
18.20 


6.65 
18.58 
18.18 
6.80 
2.26 
-0.65 


2.80 


Area  of 

section 

(square 

feet). 


1.061 

225 

1.081 

8,676 


1,882 
8.489 
5,868 
1,629 
744 
238 


877 


Mean 
velocity 
(feet  per 
second). 


1.85 
1.67 
2.12 
2.85 


1.98 
2.32 
2.46 
1.87 
1.44 
0.80 


1.51 


Discbarge 

(secooa- 

feet). 


1,968 

876 

2,2M 

8,651 


8,106 
12,998 
8,068 
1,079 
192 


1388 


R 

atino-Tabli 

I  FOR  Tar 

RIVER  AT  TarBORO,  NORTH  CAROLINA,  FOR  1896. 

sax 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

GaugM 
height. 

Discharge. 

Feet. 

8eo.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

0.00 

280 

4.00 

1,880 

8.00 

4,400 

18.00 

7J960 

0.20 

324 

4.* 

2.000 

8.20 

40(40 

12.20 

7,480 

0.40 

868 

4.40 

2,120 

8.40 

4,680 

18.40 

7,580 

0.60 

412 

4.60 

2,240 

8.60 

4,820 

12.60 

7,740 

0.80 

456 

4.80 

2.880 

8.80 

4,960 

12.80 

7,920 

1.00 

600 

5.00 

2.480 

9.00 

6,100 

18.00 

8,100 

1.20 

560 

5.20 

2.600 

9.20 

5,240 

13.30 

8,280 

1.40 

680 

5.40 

2,720 

0.40 

5.380 

18.40 

8,460 

1.60 

710 

5.60 

2,840 

9.60 

5.620 

13.60 

8,640 

1.80 

790 

5.80 

2,970 

9.80 

5.660 

14.00 

9,000 

2.00 

870 

6.00 

8.100 

10.00 

5,800 

14.60 

9,460 

2.20 

9ft0 

6.20 

8.220 

10.20 
10.40 

5,»40 

15.00 

0,960 

2.40 

•        1,085 

6.40 

8,340 

6,080 

15.60 

10,440 

2.60 

1,120 

6.60 

8.460 

10.60 

6,220 

16.00 

10,040 

2.80 

1,220 

6.80 

3,580 

10.80 

6.360 

16.50 

11,480 

8.00 

13» 

•r.oo 

3,710 

11.00 

6JS00 

17.00 

11,980 

8.20 

1.420 

7.20 

3.840 

11.20 

6,640 

17.60 

12.400 

3.40 

1,530 

7.40 

3,980 

11.40 

6.780 

18.00 

12.900 

3.60 

1.640 

7.60 

4,120 

11.60 

6.940 

3.80 

1,760 

7.80 

4,260 

11.80 

7  100 
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BESULTS   OF   STREAM   >CEASUBEM£NTB. 


Estimated  Monthly  Dibohasgs  of  Tar  riwr  at  Tarboro,  North  Carolika. 
[Draiuage  area,  2280  square  miles.] 


Month. 


1996. 

July  26  to  81 

August 

8ept«'mber 

October 

November 

December 


Discharge  in  seoond-feet. 

Maxi- 
mum. 

Min- 
imum. 

Mean. 

1,618 

7T4 

1,268 

1,674 

890 

628 

8.910 

8oe 

1490 

3,000 

406 

708 

1,910 

476 

842 

9,460 

1,420 

8,789 

Total  in 
acre-feet. 


Bun-off. 


1A,090 
88.614 
70,809 
48,226 
50.102 
229,904 


Depth  In 
inches. 


Second-fe^'t 

per  square 

mile. 


0.55 
0.27 
0.52 
0.80 
0.37 
1.68 


0.60 


Ratino-Tablb  won  Tar  ritbr  at  Tarboro,  North  Carolina,  tor  1897-1896. 


Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

he^gSt 

Discharge. 

Gauge 
height. 

Discharge. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

-1.00 

170 

0.00 

270 

8.50 

1,680 

11.00 

A.370 

-O.flO 

177 

0.20 

310 

4.00 

ilm 

12.00 

7.180 

-0.80 

186 

0.40 

860 

4.50 

2,197 

13.00 

8,060 

-0.70 

192 

0.60 

410 

6.00 

2.460 

14.00 

8,960 

-0.60 

200 

0.80 

470 

6.60 

2,786 

16.00 

9,900 

-0.60 

210 

1.00 

640 

6.00 

8,016 

16.00 

10.900 

-0.40 

220 

1.60 

780 

7.00 

8.600 

17.00 

11.900 

-0.80 

280 

2.00 

060 

8.00 

4.260 

18.00 

12,900 

-O.20 

240 

2.50 

1,180 

9.00 

4,960 

19.00 

laooo 

-0.10 

265 

8.00 

1,480 

10.00 

5,650 

20.00 

14,900 

E6TIMATED  MONTHLY  DISCHARGE  OF  TaR  RIVER  AT  TaRBORO,  NORTH  CAHOLIKA. 


Month. 


1807. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October' 

November 

December 

The  year 

1898. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


4,460 
8,726 
14,600 
9,800 
8,916 
1J380 
8,726 

860 
2,460 

770 
2,260 
8,072 


14.600 


2,969 
1.680 
8,796 
6.510 
8.610 
8,426 
6,937 
4,880 
4.V50 
1,480 
2,785 
S.060 


8.610 


Mini- 
mum. 


1,156 

1,480 

2,197 

1.280 

600 

860 

810 

247 

196 

170 

847 

770 


170 


906 
730 
764 
906 

1,088 
470 
385 
505 
360 
885 
664 

1,480 

360 


Mean. 


1,814 

4,888 

6,789 

8,686 

1,580 

689 

1,198 

899 

490 

296 

694 

1,480 


1,990 


1,411 
1,061 
1.097 
2,524 
8.487 
1,601 
2.420 
1.720 
1,851 
880 
1.317 
8.070 


1.870 


Total  In 
acre-feet 


87,928 


1,428,476 


86.761 

56,872 

104,847 

150,190 

211,880 

96,261 

148,804 

106,760 

80,889 

51.688 

78,862 

188.764 


Bun-off. 


Depth  In 
inches. 


0.91 
2.22 
8.41 
1.77 
0.79 
0.88 
0.60 
0.20 
0.28 
0.15 
0.82 
0.71 


11.64 


0.70 
0.48 
0.86 
1.28 
1.78 
0.77 
1.21 
0.86 
0.66 
0.41 
0.64 
1.64 


Seoond-feet 

per  square 

mile. 


0.79 
2.18 
2.96 
1.59 
0.69 
0.80 
0.62 
0.17 
0.21 
0.13 
0.29 
0.62 


0.87 


0.61 
0.46 
0.74 
1.10 
1.60 
0.60 
1.05 
0.75 
0.50 
0.86 
0.58 
1.84 


1.857.924 


11.07 


0.81 


SELMA  STATIOir  ON  THE   NEUSE  BIVEB. 


297 


10  JO  r 

lO  10 

nfcTT 
o 

lOJO    1 

* 

i  20    \ 

JUHC 
10  JO 

I 

9  79    1 

■auc"| 

JOIO    1 

itpf  1 

dtt.  1 

10  20   1 

10  10   1 

Sec-feet 

2 

12000 

5 

11000 

10000 

" 

__L 

I 

^ 

0000 

i 

J 

1 

1 

6000 

li 

4000 

'    1 

1 

4 

II 

r 

1 

I 

1 

1 

1 

2000 

^^_ 

i 

1 

1 

1 

1 

I 

ij 

0 

•^"-wrf"  1<l«P 'HMir'  ■» 

FIQ.  21.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  TAR 
RIVER,  AT  TARBORO,  N.  C,  FOR  1897.     (U.  8.  G.  S.) 
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FIG.  22.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  TAR 
RIVER,  AT  TARBORO,  N.  C,  FOR  1898. 

SEIiMA  STATION  ON  THE  NEUSE  BIVEB. 

This  station  is  located  on  the  Southern  railroad  bridge  about  three 
miles  from  Selma,  and  the  gauge  was  put  in  on  July  29,  1896.  The 
zero  of  the  gauge-rod  is  over  the  center  of  the  fifth  floor  beam  of  the  first 
span  from  the  south  end  of  the  bridge.  The  distance  from  the  zero  of 
the  gauge  to  the  out«r  rim  of  the  pulley  is  4  feet,  and  the  distance  from 
the  end  of  the  weight  to  the  pointer  on  the  wire  is  41.06  feet.     The 
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RESULTS    OF    STREAM    MEASUEEMEft'TS. 


bed  of  the  river  here  is  of  sand  and  is  liable  to  change  by  high  water. 
The  course  of  the  river  is  straight  and  there  is  only  one  pier  obstruction. 

A  better  section  is  found  at  the  county  bridge  which  crosses  the  river 
about  three  hundred  yards  below  the  railroad  bridge,  and  it  is  here  that 
the  measurements  are  taken.  The  bottom  here  is  harder  and  there 
are  no  pier  obstructions. 

The  tables  of  daily  gauge  heights  for  this  station  for  1896  and  1897 
will  be  found  in  Water  Supply  and  Irrigation  Papers  Nos.  11  and  15, 
published  by  the  U.  S.  Geological  Survey. 


List  of  Disohargb  Measurbmbntb  made  on  Neusb  ritbr  at  Sblma,  North  Caroliita. 


No. 

Date. 

1 
2 
8 

1896. 
July  29 
Sept.  6 
Sept.  19 

4 

5 

6 

7 
8 

1897. 
Jan.  24 
Feb.  28 
Mar.  10 
May  18 
July  27 
Oct.    1 

10 
11 

1898. 
Jan.    9 
Aug.  81 

12 

1899. 
Feb.    6 

Hydrograpber. 


E.  W.  Myers.. 
....do 

A.  P.  Davis... 

B.  W.  Myers.. 
....do 

...do 

....do 

....do 

....do 

B.  W.  Myers. 

....do 

....do 


Meter 
No. 

Gauge 
height 

Ifeet). 

Area  of 
section 
(square 

feet). 

Mean 
velocity 
(feet  per 
second). 

2154 

21iM 

68 

2154 
2154 
2154 
2154 
2154 
2154 

2154 
9 

87 

1.18 
0.80 
0.00 

8.00 
10.60 
7.96 
2.40 
1.60 
-0.80 

1.20 
6.75 

15.68 

286 
215 
220 

1,088 

1,842 

1,379 

497 

466 

146 

827 
1,208 

2,712 

1.38 
0.94 
0.66 

1.74 
2.19 
1.92 
1.58 
1.48 
0.76 

1.80 
2.40 

2.88 

Discharge 
(second- 
feet). 


203 
123 

1,810 

4.052 

2,689 

789 

694 

109 

426 
2,902 

7,807 


RatinchTablb  tor  Nbusb  rivbr  at 

Sblma,  North  Carolxna,  for  1896. 

Gauge 
heiflrht. 

Discharge. 

Gauge 
height. 

Feet. 

Discharge. 

Gauge 
heigBt. 

Discharge. 

Gauge 
height. 

Discharge. 

Feet. 

Sec.  feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  Feet. 

0.00 

125 

2.80 

700 

5.60 

1,616 

8.40 

2,560 

0.20 

155 

3.00 

750 

5.80 

1,580 

8.60 

3,695 

0.40 

185 

3.20 

800 

6.00 

1.660 

8.80 

2.805 

0.60 

220 

3.40 

850 

6.20 

1,120 

9.00 

2,900 

0.80 

260 

3.60 

900 

6.40 

1.790 

9.20 

3,010 

1.00 

800 

3.80 

960 

6.60 

1,880 

9.40 

8^160 

1.20 

340 

4.00 

1,020 

6.80 

1.930 

9.60 

1:280 

1.40 

380 

4.20 

1,080 

7.00 

2,000 

9.80 

3,400 

1.60 

420 

4.40 

1,140 

7.20 

2;080 

10.00 

3,540 

1.80 

460 

4.60 

1,200 

7.40 

2.160 

10.20 

8^ 

2.00 

600 

4.80 

1.260 

7.60 

.  2,240 

10.40 

3:866 

2.20 

'       550 

5.00 

1.325 

7.80 

'  2.320 

10.60 

4.060 

2.40 

600 

5.20 

l,9fl0 

8.00 

2,400 

10.80 

4,230 

2.60 

650 

5.40 

1,460 

8.20 

2,490 

11.00 

ijSo 

Estimated  MoNTHiiV  Dibchargb  op  Necsb  river  at  Selma,  North  Carolina. 
IDralnage  area,  1175  square  miles.] 


Month. 


Discharge  Id  second-feet. 


Maxi- 
raum. 


1896. 

August 

September 

October 

November 

December 


1.480 
1.337 
2.080 
1.260 
2,920 


Mini- 
mum. 


170 
125 
140 
185 
340 


Mean. 


443 
213 
315 

874 


Total  in 
acre-feet. 


27,230 
12,674 
19,809 
19.101 
58,741 


Run-«fr. 


Depth  in 
incDes. 


0.44 
0.20 

0.80 
0.85 
2.10 


Sect>nd-feet 
per  square 
'    ^BUle. 


0v88 
.0.18 
0.27 
0.27 
0.74 
0.36 


8ELMA   STATION   ON   THE   NEUSE   EIVEE. 
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KaTINO-TaBUB  for  NBU8B  BIVBR  AT  SbLMA,  NORTH  CaROUNA,  FOR  IWT. 


Oauve 
belli  ht. 


Feet. 
-0.5 
-0.4 
-0.3 
—0.2 
-0.1 

0.0 

0.1 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 


Discharge. 


Sec.  feet. 
70 
76 
02 

110 
127 
145 
165 
186 
•280 
275 
325 
875 
425 
475 
530 
586 
642 


Oauj 
heJRl 


ge 
ht. 


Feet. 
2.2 
2.4 

2.6 
2.8 
8.0 
8.2 
8.4 
8.6 
8.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 


Disoharire. 


Seo.  feel. 

608 

754 

810 

866 

022 

080 
1.040 
1,100 
1,160 
1.220 

1.840 
1.400 
1.460 
1.520 
1.580 
1.640 


Oauflre 
height. 


Feet. 
5.6 

5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.5 
0.0 
0.5 
10.0 


Discharge. 


Sec.  feet. 
1,700 
1.760 
1.880 
1.000 
1,070 
2.040 
2,110 
2.100 
2.270 
2.850 
2.480 
2,510 
2.500 
2.825 
3,075 
3.355 
3.650 


Gauge 
height. 


Sec.  feet. 
10.5 
11.0 
11.5 
12.0 
12.5 
18.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 


Discharge. 


Feet. 
8,060 
4.260 
4.570 
4,880 
5.100 
5,500 
5.810 
6.120 
6,480 
6,740 
7,060 
7.890 
7,670 
7,080 


EsTiMATBD  Monthly  Dischabgb  of  Nbusb  ritbr  at  Selma,  North  Carolina. 
[Drainage area  1175 square  miles.] 


Month. 


1807. 

January  

February 

Biarch 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet.  | 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

8,248 

400 

846 

5.624 

558 

2,802 

7,856 

810 

2,003 

6,480 

586 

811 

2,076 

475 

020 

1,830 

252 

570 

1.700 

280 

658 

586 

165 

282 

185 

92 

145 

280 

76 

128 

726 

145 

265 

7,856 

375 

705 

75 

881 

Total  in 
acre-feet. 


62,020 

177,846 

128,500 

48,258 

56,570 

33,020 

40,460 

14.265 

8,627 

7,747 

15,768 

_48,882_ 

632,863 


Run-off. 


Sec-feet 

! 

91 

9 

! 

Tl 
9? 

r 

9 

1 

12 

9 

J9 

nr 

20, 

71 

r 

9 

7 

• 

UNI 

MP 

J 

1 

9 

I 
I 

uJeT 

1 
1 

^?9 

1 
\ 

pr 

15 
J 

[5^ 

92 

r 

9 

1 
n 

pi 

10000 

9000 

■000 

i 

6000 

ftOOO 

" 

- 

[ 

1 

" 

- 

II 

\ 

'H 

1 1 

LlA 

[ 

i 

I 

1 

1 

li 

0 

„  n      •     .    «•. ,.  <vi  ^^m'^w » '^lirWIIIIFir'^v^' 

FQ.  23:-DIAQRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  NEUSE 
RIVER,  AT  SELMA,  N.  C,  FOR  1897.      (U.  S.  Q.  S.) 


300 


BESITLTS   OF   STBEAM   UBASITBEHENTS. 


EUTINO-TaBLS  fob  NIU8E  BIYSB  AT 

Sblma,  Nobth  Cabolika,  for  1806. 

Oautfe 
beifirht. 

Discharire. 

Gauflre 
beiirbt. 

Discbarge. 

Gauge 
beigbt. 

Disobarge. 

Gauire 
beight. 

Discbarge. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

0.00 

146 

2.80 

782 

6.20 

2,066 

9.80 

4,800 

0.10 

106 

2.40 

763 

6.40 

2,172 

10.00 

4,700 

0.20 

186 

2.60 

7«2 

6.60 

2.280 

10.20 

4,810 

o.ao 

207 

2.60 

8S» 

6.80 

2,l0O 

10.40 

4,820 

0.40 

280 

2.70 

866 

6.00 

2,600 

10.60 

6.08U 

0.60 

282 

2.80 

800 

6.20 

2,610 

10.80 

6,140 

0.00 

276 

2.90 

980 

6.40 

2,720 

11.00 

5.280 

0.70 

800 

8.00 

972 

6.60 

2,880 

11.20 

5,860 

0.80 

826 

3.10 

1,017 

6.80 

2,040 

11.40 

5,470 

0.90 

860 

8.20 

],062 

7.00 

8,060 

11.60 

5,580 

1.00 

876 

8.80 

laio 

7.20 

8,160 

11.80 

5.690 

1.10 

400 

8.40 

1,160 

7.40 

8,270 

12.00 

5,800 

1.20 

426 

8.60 

1,210 

7.60 

84180 

12.60 

6.075 

1.80 

460 

8.(10 

1,260 

7.80 

3,490 

18.00 

6.8G0 

1.40 

476 

8.70 

1,810 

8.00 

8,600 

18.60 

6,686 

1.60 

602 

8.80 

1.860 

8.20 

8,no 

14.00 

6.900 

1.00 

680 

8.90 

1.410 

8.40 

8,820 

14.60 

7,175 

1.70 

668 

4.00 

1.460 

8.60 

8,980 

15.00 

7,460 

1.80 

686 

4.20 

1.660 

8.80 

4,040 

16.60 

7.726 

1.90 

614 

4.40 

1.660 

9.00 

41160 

16.00 

8,000 

2.00 

642 

4.60 

1,760 

0.20 

4,260 

2.10 

672 

4.80 

1.860 

9.40 

4,870 

.... 

2.20 

702 

6.00 

1.900 

9.60 

4,480 

— 

Estimated  Monthly  Discharge  or  Neuse  biveb  at  Sblma,  North  Carolika. 
[Drainage  area  1175  square  miles.] 


Montb. 


180R. 

January 

February 

Marcb 

April 

May 

June 

July 

August 

September 

October 

November 

December  

Tbe  year. 


Discharge  in  second-feet. 

Maxi- 

Mini- 

Mean 

mum. 

mum. 

8,060 

860 

061 

792 

826 

429 

4,160 

875 

1,151 

6,470 

400 

1.618 

6,260 

276 

1,798 

1,900 

280 

567 

8,060 

282 

926 

4,920 

262 

1,814 

6,860 

826 

1,886 

822 

185 

421 

2.890 

425 

857 

6.470 

476 

1.800 

6,H60 

185 

1.034 

ay>talin 
acre-feet. 


40,644 
20,271 
70,776 
95,975 
110,667 
88444 
56,988 
80.797 
82,409 
25,886 
60,905 
70.987 


748.328 


Run-off. 


Depth  in 
inches. 


0.64 
0.37 
1.18 
1.58 
1.76 
0.58 
0.90 
1.29 
1.82 
0.41 
0.81 
1.28 


U.97 


Second-feet 

per  square 

mile. 


0.56 
0.38 
0.98 
1.37 
1.53 
0.47 
0.78 
1.12 
1.18 
0.86 
0.78 
l.U 


0.88 


Sec-feet 

JAN, 
10   20 

FEB. 

10  20 

MAR. 

|10   20 

APRIL 
10    20 

MAY 
10   20 

JUNE 
10   20 

JULY 
10  20 

AUO. 
10   20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10    20 

DfC.     1 

10  20     1 

- 

1. 

1 

11 

11 

1 

I 

1 

i 

- 

\ 

- 

i 

1 

1 

1 

1 

1 

_J 

2000 
1000 

11 

LI 

1 

i 

L 

1 
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FIQ.  24.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  NEUSE 
RIVER,  NEAR  SELMA,  N.  C,  FOR  1898. 
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MONCUBB  STATION  ON  THE  DEEP  BIVES. 

This  station  is  located  about  one-fourth  of  a  mile  south  of  Moncure, 
Chatham  county,  North  Carolina,  at  the  covered  wooden  bridge  of  the 
Seaboard  Air  line  which  crosses  the  river  here,  and  about  two  miles 
above  the  junction  with  the  Haw  river  to  form  the  Cape  Fear. 

This  station  was  established  May  5,  1898.  The  name  of  the  observer 
is  M.  A.  Moore,  Moncure,  Chatham  county,  N.  C,  a  farmer  and  also 
bridge  watchman,  living  about  one  hundred  yards  from  the  bridge. 

The  gauge  is  a  horizontal  rod,  well  painted,  divided  into  feet  and 
tenths  and  securely  nailed  to  the  guard-rail  of  the  bridge. 

The  zero  of  the  rod  is  50  feet  south  of  the  north  end  of  the  second 
span  of  the  bridge  from  the  north.  The  outer  rim  of  the  pulley-wheel 
is  3.7  feet  from  the  zero  of  the  rod,  and  from  the  end  of  the  weight  to 
the  pointer  on  the  wire  rope  is  45.16  feet,  the  gauge  reading  zero  when 
the  weight  touches  the  bottom  of  the  river. 

The  initial  point  for  soundings  is  a  notch  cut  in  the  guard-rail  oppo- 
site the  south  end  of  the  bridge  and  on  the  down-stream  side. 

The  channel  is  straight  for  some  distance  above  and  below  the  sta- 
tion. The  current  velocity  is  not  great  but  sufficient  for  the  purpose, 
and  is  well  distributed  across  the  stream.  Both  banks  are  rather  low 
and  subject  to  overflow. 

The  bed  of  the  river  is  of  fine  sand  and  mud  and  is. probably  subject 
to  change  in  high  water. 

M0NCT7BE  STATION  ON  THE  HAW  BIVEB. 

This  station  is  located  about  one  and  three-fourths  miles  north  of 
Moncure,  Chatham  county,  North  Carolina,  at  the  bridge  of  the  Sea- 
board Air  line  which  crosses  the  river  here,  and  about  two  miles  above 
the  junction  with  the  Deep  river  to  form  the  Cape  Fear. 

The  station  was  established  May  6,  1898.  The  name  of  the  observer 
is  M.  A.  Moore,  Moncure,  Chatham  county,  N.  C. 

The  gauge  is  a  horizontal  rod,  well  painted,  divided  into  feet  and 
tenths  and  securely  nailed  to  the  outer  side  of  the  guard-rail  of  tjie 
bridge  on  the  up-stream  side.  The  two-foot  mark  on  the  rod  is  over 
the  center  of  the  second  floor  beam  from  the  south  end  of  the  second 
span  from  the  south  end  of  the  bridge.  The  outer  rim  of  the  pulley- 
wheel  is  0.8  foot  from  the  zero  of  the  gauge-rod  and  the  distance  from 
the  end  of  the  weight  to  the  pointer  on  the  wire  rope  is  43.45  feet,  the 
gauge  reading  zero  when  the  weight  touches  the  bottom  of  the  stream. 

The  initial  point  for  soundings  is  a  notch  cut  in  the  guard-rail  oppo- 
site the  south  end  of  the  bridge  and  on  the  up-stream  side,  the  section 
on  this  side  being  better  than  that  on  the  down-stream  side. 


RESULTS   OF   STREAM   MEASUREMENTS. 


The  channel  is  straight  for  some  distance  above  and  below  the  sta- 
tion. The  current  velocity  is  good  and  uniformly  distributed  across 
the  stream. .  Both  banks  are  rather  low  and  somewhat  subject  to  ovei> 
flow  in  time  of  flood.  The  bed  of  the  stream  is  of  coarse  sand  and 
gravel  and  is  probably  not  subject  to  any  decided  change  in  high  water. 

The  current  here  is  somewhat  modified  by  a  fish  dam  about  150  yards 
above  the  bridge. 

The  station  is  reached  by  private  conveyance  from  Moncure. 

FAYETTEVIIiLE  STATION  ON  THE  GAPE  7EAB  BIVEB. 

In  the  summer  of  1S95  an  examination  was  made  of  the  river,  and 
a  station  for  measuring  the  flow  was  established  at  Fayetteville.  The 
Weather  Bureau  has  a  substantial  gauge  fastened  to  the  lower  side  of  the 
east  abutment  of  the  covered  highway  bridge,  this  being  about  400 
feet  above  the  railroad  bridge  from  which  dischai^e  measurements  are 
made.  For  the  lower  29  feet  this  gauge  consists  of  a  rod  divided  into 
tenths  and  firmly  fastened  to  the  abutment  Above  the  29-foot  mark, 
a  scale  is  painted  on  the  rock. 

The  tables  of  daily  gauge  height  for  this  station  for  1896  and  1897 
will  be  found  in  Water  Supply  and  Irrigation  Papers  Nos.  11  and  15, 
published  by  the  U.  S.  Geological  Survey. 


List  of  Discrarob  Measurements  made  on  Cape  Fear  river  at  Fayetteville, 

North  Carolina. 


No. 

Date. 

1885. 

1 
2 

Sept.  26 
Dec.     7 

1696. 

8 
4 

5 

A 

7 
K 

Apr.  5 
Apr.  26 
May  28 
June  8 
June   8 

iS^.  'I 

Sept.  19 

1897. 

11 

12 
13 

Mar.  12 
July  27 
Sept.  80 

1898. 

14 
15 

Jan.  10 
Auir.  :» 

Hydrograpber. 


C.  C.  Babb. 
....do 


B.  W.  Myers. 

....do..: 

....do 

....do 

...  do 

....do 

..  do 

A.  P.  Davis.. 


B.  W.  MyerB. 

....do 

...do 


B.  W.  Myers. 
....do 


Meter 
No. 


21 
21 
21 
21 
21 

2154    I 


2154 
2154 
2154 


2154 
9 


Oaufce 
beiirbt 

(feet). 


1.59 
2.90 


19.80 
4.00 
4.00 

10.00 
9.20 

49.10 
1.10 
1.88 


28.00 
7.00 
0.70 


8.66 
28.86 


Area  of 

section 

(square 

feet). 


4,868 

982 

1J870 

2,901 

2.446 

22,862 

400 

617 


7,110 

1,701 

827 


758 
9,132 


Mean 
velocity 
(feet  per 
second). 


2.16 
1.78 
1.04 
1.78 
1.72 
2.24 
1.29 
1.50 


2.86 
1.67 
1.29 


1.72 
2.64 


Discbarge 
(second 

feet). 


489 
1,109 

10Ji25 

1,618 

14Bi 

5.041 

4,207 

51,115 

519 

7?0 


i«,Tn 

2,682 
424 


1,808 
23.215 
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KATINQ-TaBLE  for  CAPB  FKAR  RIYBR  AT  FAYETTITILLI,  NORTH  CAROLINA,  FOR  1896. 


Oaufl:e 
helirbt. 

Discharve. 

Oauffe 
height. 

Gauge 
height. 

Diaoharge. 

Gauge 
height. 

DiBcharge. 

Feet. 

8eo.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

1.00 

480 

7.30 

8,884 

18.40 

6,918 

22.C0 

14,287 

1.20 

660 

7.40 

8,442 

18.60 

7,088 

28.00 

15,646 

1.40 

612 

7.60 

8JM) 

18.80 

7,158 

24.00 

17.(105 

1.60 

678 

7.80 

8.668 

14.00 

7,273 

26.00 

18.804 

1.80 

744 

8.00 

8.766 

H.20 

7.888 

28.00 

19.?i3 

2.00 

810 

8.20 

8,878 

14.40 

7vM« 

27.00 

21,082 

2.20 

876 

8.40 

8,980 

14.60 

7.688 

28.00 

22.441 

2.40 

942 

8.60 

4,102 

14.80 

7.768 

29.00 

28,800 

2.60 

1,008 

8.80 

4,214 

16.00 

7,U78 

80.00 

25,158 

2.H0 

1,076 

9.00 

4.826 

15.20 

7,998 

81.00 

26,458 

8.00 

1,146 

9.20 

4.488 

15.40 

8.118 

82.00 

27,8n 

3.20 

1,229 

JLiHi 

4,660 

15.60 

8,288 

88.00 

29,236 

8.40 

1,819 

9.60 

4,672 

15.80 

8,855 

84.00 

80.595 

8.60 

1,417 

9.80 

4,784 

16.00 

8,479 

86.00 

81.954 

8.80 

1,617 

lO.OT) 

4,808 

16.20 

8,608 

86.00 

38.813 

4.00 

1,620 

10.20 

6,018 

16.40 

8,727 

87.00 

34,627 

4.20 

1,728 

10.40 

5,129 

16.60 

8,K51 

88.00 

86.l«l 

4.40 

1.886 

10.60 

6,245 

16.80 

8.976 

89.00 

37,800 

4.60 

1,940 

10.80 

6,881 

17.00 

9,099 

40.00 

88,749 

4.80 

2.048 
2.156 

11.00 

5,177 

17.20 

9,228 

41.00 

40,108 

5.00 

11.20 

6,688 

17.40 

9.847 

42.00 

41,467 

6.20 

2,264 

11.40 

5.718 

17.60 

9,471 

48.00 

42,826 

6.40 

2,372 

11.60 

6,888 

17.80 

9685 

44.00 

44.185 

6.60 

2,470 

11.80 

6,968 

18.00 

9.719 

45.0(1 

45.554 

6.80 

2,678 

12.00 

6,078 

18.20 

9,848 

46.00 

46,908 

6.00 

2,686 

12.20 

6,186 

18.40 

9,967 

47.00 

48,202 

6.20 

2,794 

12.40 

6,818 

18.60 

10.091 

48.00 

40  621 

6.40 

2,902 

12.60 

6488 

18.80 

10,215 

49.00 

60,980 

6.60 

8,010 

12.80 

6.658 

19.00 

10.839 

60.00 

62,388 

6.80 

8,118 

18.00 

6,678 

20.00 

11,569 

7.00 

8,226 

18.20 

6,798 

21.011 

12,928 

BftTiMATBD  Monthly  Disoharob  or  Capb  Fbar  ritbr  at  Faybttbyillb,  North  Carolina. 
[Drainage  area,  4,493  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1805. 

October '  810 

November I  4,270 

December |  10,020 


1806. 


January*.... 
February*  .. 

March 

April" 

May 

June' 

July" 

August 

September . , 
October*  .... 
November*  . 
December... 


Per  annum  0^06) 62,340 


19,728 
49.621 

5,477 
14,967 

9,347 
11.560 
62.340 

7,088 

4,616 
26,458 
10,954 

8,118 


Mini- 
mum. 


809 
1,075 
1,008 


1,620 

2,966 

2,318 

1,867 

843 

l.n41 

1,319 

612 

489 

848 

975 

1,940 


489 


Mean. 


608 
1,888 
2,787 


6,468 
10,180 
8,501 
8,087 
2,686 
8,492 
7.808 
1,081 
1,240 
2,623 
2,399 
4,158 


4,019 


Total  in 
acre-feet. 


87,869 
100,071 
168,292 


246,387 
586,129 
215.269 
188,676 
165,260 
207.774 
449,061 
66.471 
78,78r) 
161,278 
142,740 
255,667 


2,758,492 


Run-off. 


Depth  in 
inches. 


0.16 
0.46 
0.70 


1.07 
2.47 
0.91 
(1.77 
0.69 
0.81 
1.87 
0.28 
0.80 
0.67 
0.59 
1.06 


11.49 


Second-feet 

per  sauare 

mile. 


0.14 
0.41 
0.61 


1.44 

2.29 

0.789 

0.689 

0.598 

0.777 

1.625 

0.240 

0.275 

0.588 

0.584 

0.92 


0.897 


^Twenty  days  in  January. 


'Maximum  approximate. 
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Rating-Table  for  Capb  Fear  rivbr  at  Faybttevillb,  North  Carolina,  for  IWT-'flS. 


Gauge 
height. 

Diicharge. 

Gauge 
height. 

Feet. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

DiBcharge.il 

Feet. 

Sec.  feet. 

Sec.  feet. 

Feet. 

Sec.  Feet. 

Feet. 

|Sec.  feet, 
18,400 

0.0 

800 

6.8 

2,400 

11.8 

^,TK) 

21.0 

0.1 

320 

6.0 

2,600 

12.0 

\'.n)(i 

22.0 

UJSM 

0.2 

340 

6.2 

2,600 

12.2 

I^ULTI 

28.0 

15,660 

0.4 

380 

6.4 

2,700 

12.4 

*IJ40 

24.0 

16,940 

0.6 

480 

6.6 

2300 

12.6 

<i>in 

25.0 

18300 

0.8 

480 

6.8 

2,900 

12.8 

ii,;*w 

26.0 

19,600 

1.0 

580 

7.0 

3,000 

18.0 

iijm 

27.0 

21.020 

1.2 

580 

7.2 

3,100 

18.2 

HJllt) 

28.0 

23380 

1.4 

630 

7.4 

3,300 

18.4 

fi.TW 

29.0 

23,740 

1.6 

600 

7.6 

3300 

18.6 

t'^\m 

80.0 

:^100 

1.8 

750 

7.8 

3,400 

18.8 

T.HIW 

81.0 

26,460 

2.0 

810 

8.0 

3,600 

14.0 

T,SWO 

82.0 

27.82C 

2.2 

875 

8.2 

3,680 

14.2 

-.Mil 

83.0 

29,180 

2.4 

945 

8.4 

3,740 

14.4 

7.m 

34.0 

30.540 

2.6 

1.020 

8.6 

3,860 

14.6 

IJtSO 

36.0 

31,900 

2.8 

laoo 

8.8 

3.980 

14.8 

:rm 

86.0 

88390 

8.0 

}^ 

9.0 

4,100 

15.0 

Tj.ptir 

37.0 

34.680 

3.2 

9.2 

4,220 

15.2 

H.tHU 

88.0 

85,980 

8.4 

1340 

9.4 

4,340 

16.4 

H.ISO 

30.0 

37340 

3.6 

1.420 

9.6 

41460 

16.6 

MJliO 

40.0 

88,600 

8.8 

1.500 

9.8 

4,680 

16.8 

HJtSO 

41.0 

39,900 

4.0 

1.580 

10.0 

4,700 

16.0 

M1)0 

42.0 

41330 

4.2 

1,670 

10.2 

4,880 

16.6 

M.CiOrt 

43.0 

42,680 

4.4 

1,760 

10.4 

4,940 

17.0 

:+.*!) 

44.0 

44,040 

4.6 

1.860 

10.6 

5,060 

17.6 

t*.K^lO 

46.0 

45,400 

4.8 

1.940 

10.8 

5,180 

18.0 

]0.-H)0 

46.0 

46,760 

5.0 

2,030 

11.0 

5,300 

18.5 

n^«Nj 

47.0 

48,120 

5.2 

2.120 

11.2 

5,420 

19.0 

ll.:*!!" 

48.0 

49,480 

5.4 

2.210 

11.4 

5,540 

19.6 

Ih^*} 

49.0 

50,840 

5.6 

2,300 

11.6 

5,660 

20.0 

v:^m 

59.0 

5^300 

B8TIMATSD  Monthly  Disoharob  or  Capb  Fbar  ritbr  at  Faybtteville,  North  Carolina. 
[Drainage  area,  4,498  square  miles.] 


Month. 


1897. 


January — 
February  . . 

March 

Apni 

May 

June 

July 

August 

September  . 
October  — 
November  . 
December. . 

The  year  . . . 


January  — 
February... 

March 

Aprtl 

May 

June 

July 

August 

September  . 
October  — 
November.. 
December . . 


1898. 


Discharge  in  second-feet. 


The  year 23.972 


Maxi- 
mum. 


17,688 

83,688 

35.708 

22.788 

9,760 

3.860 

18,708 

2,900 

1,850 

876 

4,520 

4,700 


86,708 


7378 
2,686 
12357 
13,616 
8,665 
3,238 
8,665 
23,972 
10,277 
4.955 
7.333 
9,781 


Mini- 
mum. 


1.580 

2.256 

3.100 

1.760 

1.580 

760 

780 

875 

360 

340 

630 

1,180 


340 


1373 

1,109 

1329 

1,567 

1,145 

519 

489 

942 

876 

612 

1,417 

1,994 


489 


Mean. 


3,694 

12.802 

12333 

6,871 

3.191 

1.833 

8.180 

1,570 

064 

517 

1,281 

2,166 


4,167 


2,«i71 
1.757 
3352 
4,342 
2.506 
1.163 
2,858 
5,632 
8,674 
1.745 
S.975 
8,887 

2.947 


ToUl  in 
acre-feet. 


227,140 
710,986 
762380 
408,860 
196310 
109.070 
195.530 
96.535 
39,510 
31.790 
76330 
133,120 


2,977361 


127356 
97384 
200391 
258,349 
154.016 
69308 
175.738 
346.300 
218  615 
107,298 
177  027 
208,255 


Uun-off. 


Depth  in 
inches. 


0.94 
2.97 
8.14 
1.71 
0.82 
0.46 
0.82 
0.40 
0.17 
0.14 
0.32 
0.56 


12.44 


0.58 
0.41 
0.83 
1.07 
0.64 
0.29 
0.72 
1.44 
0.91 
0.45 
0.78 
0.86 


2.140.229 


Seoond-feet 

per  square 

mile. 


0.82 
2.86 
2. 72 

liss 

0.71 
0.41 
0.71 
0.35 
0.15 
0.12 
0.29 
0.48 


0.98 


0.46 
0.39 
0.72 
0.96 
0.56 
0.26 
0.63 
1.25 
0.82 
0.39 
0.66 
0.75 


0.66 


6ALISBUBV    STATION   ON   THE   TADKIN   BIVEB. 
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FIQ.  26.-DIAORAM    OF    THE    DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE 
CAPE  FEAR   RIVER,  AT   FAYETTEVILLE,  N.  C.,  FOR  1897.     (U.  S.  Q.  8.) 
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FIQ.  26.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE 
CAPE  FEAR  RIVER,  AT  FAYETTEVILLE,  N.  C,  FOR  1898. 

SAIJSBTTBY  STATION  ON  THE  YADKIN  BIVER. 

The  upper  point  of  measurement  for  the  Yadkin  river  is  at  the  South- 
em  railway  bridge  near  Salisbury.  The  section  here  is  favorable.  A 
gauge  was  located  here  on  September  24,  1895.  The  10-foot  mark  on 
the  rod  is  opposite  the  centre  of  the  sixth  floor  beam  on  the  lower  side 
of  the  first  span  from  the  west  end.  The  distance  from  the  zero  of 
the  rod  to  the  outer  rim  of  the  pulley-wheel  is  1.86  feet.     The  length 

20  i^ 
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of  the  wire  rope  and  the  weight  is  65.10  feet.  The  locality  is  reached 
by  private  conveyance  from  Salisbury. 

This  river  is  known  as  the  Yadkin  for  about  thirty  miles  below  this 
point,  or  down  to  the  mouth  of  the  Uharie  river,  entering  from  the 
north  in  Montgomery  county.  Below  this  point  it  is  known  as  the 
Pee-Dee. 

The  tables  of  daily  gauge  height  for  this  station  for  1896  and  1897 
will  be  found  in  Water  Supply  and  Irrigation  Papers  Nos.  11  and  15, 
published  by  the  U.  S.  Geological  Survey. 


List  or  Dibohargb  Mbabvrbments  made  on  Tadkin  riysr  at  Sausbury, 
North  Carolina. 


No. 

Date. 

1896. 

1 
2 
8 

Oot.     6 
Oot.    86 
Deo.   10 

1898. 

4 

5 
6 

Apr.  90 
Aug.  29 
Sept.  14 

1897. 

7 

8 

9 

10 

11 

Feb.  18 
Mar.  20 
Apr.   18 
Aug.    4 
Oot.      6 

1898. 

12 
18 
14 

Jan.    17 
Apr.     1 
Aug.  18 

1890. 

15 

Feb.     9 

Hydrographer. 


CCBabb.. 

do 

do 

B.  W.  Myers 

do 

do 

B.  W.  Myers. 

...do 

...do 

...do 

....do 

B.  W.  Myers. 

....do 

do 

do 


Meter 
No. 

39 
76 
62 

Area  Of 

section 

(square 

feet). 

Mean 
velocity 
(feet  per 
second). 

1.44 
1.46 
1.74 

1.19Q 
1459 
1.584 

1.22 
1.88 
1.67 

21 

2164 

21 

2.00 
1.60 
1.79 

1,568 
1,818 
1,486 

1.87 
0.98 
1.66 

2154 
2154 
2154 
2154 
2154 

4.20 
4.46 
8.90 
2.18 
1.40 

2.997 
8,486 
&228 
1,768 
1,018 

8.88 
8.44 
8.10 
1.96 
1.26 

2154 
2154 
2154 

2.10 
8.90 
5.00 

1.412 
2.700 
3,888 

1.81 
8.87 
8.88 

87 

6.60 

8,861 

8.88 

Discharge 

(seoond- 
feet). 


1,467 
1.688 
2,415 


2.916 
1,298 


10441 
11,887 
9,08S 
8.423 
1,800 


2JStn 
9.110 
li;S87 


14,781 


RatinchTablb  for  Tadkin  riybr  at  Salisbury, 

North  Carolina,  for  1896. 

Gauge 
height. 

Discharge. 

QtMge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Feet. 

Sec-feet. 

Feet. 

8ec.-feet. 

Feet. 

Sec-feet. 

Feet. 

8ec.-fe€t. 

1.00 

600     . 

2.00 

8,000 

8.00 

6,400 

4.00 

9,800 

1.10 

660 

2.10 

8,340 

3.10 

6,740 

4.10 

10,180 

1.20 

850 

2.20 

8,680 

8.20 

7,080 

4.20 

10,640 

1.80 

1,060 

2.80 

4,030 

8.80 

7,420 

4.80 

10,910 

1.40 

1,375 

2.40 

4,360 

8.40 

7,760 

4.40 

JJ^SS 

1.60 

1,600 

2.60 

4,700 

8.60 

8,100 

4.50 

11.840 

1.60 

1,740 

2.60 

6,040 

8.60 

8,440 

4.60 

V^ 

1.70 

1,980 

2.70 

6,380 

8.70 

8,780 

4.70 

12,740 

1.80 

2,320 

2.80 

5,?20 

8.80 

9,120 

4.80 

S«2 

1.90 

2,660 

2.90 

6,000 

8.90 

9,460 

4.90 

18,700 

SAUBBUBT   STATION   OS  THS   TAOKUT   BTVSB. 
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EfiTIMATID  MORTHLT  DifCHARGB  OF  YADKIN  RITER  AT  SaUSBURY,  NORTH  CAROLINA. 

[DralDaere  area,  8,800  square  miles.] 


Month. 


180&. 


October  . . . . 
November  . 
December. . 


1606. 


January.... 
February  . . 
March...... 

April 

May  

June 

July 

August 

September . 
October  — 
November  . 
December. . 


Per  annum  (1806) '64jno 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,500 

i,oeo 

10,160 


10,040 
'24,200 

5,880 
'20,200 

6,060 

0,460 
'64,200 

6,060 
'82,200 
'dl,20() 
'28,200 
'22,700 


Mini- 
mum. 


1,400 
1,810 
1,640 


1,640 
2,32r) 
2,320 
2,660 
1,810 
1,310 
1,640 
1,000 
1,000 
1.810 
1,080 
8,000 


1,000 


Mean. 


1,426 
2,004 
2.683 


4,486 
7,817 
8,472 
5,242 
2,607 
8,160 
11,584 
2,411 
8,087 
8,122 
5,206 
6,037 


4,844 


Total  in 
acre-feet. 


87.681 
U0,246 
164.071 


275,774 
448,638 
218,486 
811,020 
154,140 
187.974 
712,277 
148,248 
183,689 
191,965 
809,779 
871,202 


8,510,100 


Run-off. 


Depth  in 
Inches. 


0.48 
0.65 
0.91 


1.52 
2.48 
1.18 
1.72 
0.85 
1.03 
8.04 
0.82 
1.01 
1.06 
1.65 
2.05 


19.31 


Second-feet 

per  square 

mile. 


0.42 
0.59 
0.79 


1.82 
2.80 
1.02 
1.54 
0.74 
0.98 
8.41 
0.71 
0.01 
0.92 
1.48 
1.78 


1.42 


Ratino-Tablb  for  the  Yadkin  river  at  Sai^isbury,  North  Carolina,  for  1807. 

he*g5t. 

Discharge. 

Oaufre 
height. 

Discharge. 

height. 

Discharge. 

Gauge 
height. 

Discharge. 

Peet. 

Sec-feet. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

1.0 

560 

3.2 

7,116 

6.4 

14,860 

7.6 

22,604 

1.2 

000 

3.4 

7.8B0 

5.6 

15.564 

7.8 

28.306 

1.4 

1310 

3.6 

8.524 

5.8 

16,268 

8.0 

24,012 

1.6 

1,760 

3.8 

9,228 

6.0 

16.972 

8.5 

25,772 

1.8 

2,800 

4.0 

9.982 

6.2 

17,676 

9.0 

27,532 

2.0 

2,920 

4.2 

10,636 

6.4 

18,380 

9.5 

29,292 

2.2 

8,596 

4.4 

11.840 

6.6 

10,084 

10.0 

31,062 

2.4 

4,300 

4.6 

12.0U 

6.8 

19,788 

10.5 

32.812 

2.6 

5.004 

4.8 

12,748 

7.0 

20,492 

11.0 

84.572 

2.8 

5,708 

5.0 

13.462 

7.2 

21.196 

11.5 

86.832 

3.0 

6,412 

5.2 

14,156 

7.4 

21,900 

Estimated  Monthly  Dibcharoe  of  the  Yadkin  river  at  Salisbury,  North  Carolina. 
[Drainage  ares,  8,899  square  miles.] 


Month. 


1897. 


January . . . . 
February. . . 

March 

April 

May 

June 

July 

August 

September  . 

October 

November . . 
December . . 


Theyear 84,924 


Discharge  in  second-feet. 


Maxi- 
mum. 


12,044 

34.924 

25,068 

81.766 

14.156 

19,788 

11.692 

5,708 

8,260 

26,77i 

7,116 

5,708 


Mini- 
mum. 


2.600 

4,662 

4.652 

8,948 

3.250 

2.300 

2.600 

1,780 

900 

9110 

900 

2,300 


900 


Mean. 


4,089 
11,597 
10,522 
7,761 
5,776 
5,662 
4,821 
2,943 
1.785 
8,557 
2,708 
8,086 


Total  in 
acre-feet. 


248,360 
644,065 
646,970 
461.810 
855.150 
336,320 
296,430 
180,960 
106,215 
218.600 
161.140 
189,750 


5.354       8,845,760 


Run-off. 


Depth  in 
inches. 


1.87 
8.45 
8.58 
2.54 
1.96 
1.85 
1.64 
1.00 
0.59 
1.21 
0.89 
1.05 


21.18 


Second-feet 

per  square 

mile. 


1.10 
3.41 
3.10 
2.28 
1.70 
1.66 
1.42 
0.87 
0.53 
1.05 
0.80 
0.91 


1.58 


<  Estimated. 
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FIQ.  27.->DIAQRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE 
YADKIN  RIVER,  AT  SALISBURY,  N.  C,  FOR  1897.    (U.  S.  Q.  S.) 


Ratino-Tablb  for  Tadkin  riter  at 

SAIilBBURY, 

North  Carolina,  fob 

1898. 

aausre 
heifrht. 

Discharge. 

Uauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

1.20 

1,000 

8.20 

6,860 

6.50 

12,410 

10.60 

42,115 

1.40 

J'SS 

3.40 

7,160 

6.00 

18,585 

11.00 

46,520 

i.eo 

^'SS 

8.00 

8,000 

6.50 

14,780 

11.60 

50,925 

1.80 

1.900 

3.80 

8,850 

7.00 

15,980 

12.00 

55,390 

2.00 

2,826 

4.00 

9,290 

7.50 

18.830 

12.60 

69,785 

2.20 

2,850 

4.20 

9,675 

8.00 

21,700 

18.00 

64,140 

2.40 

3,450 

4.40 

10,066 

8.50 

26,800 

18.60 

68,545 

2.60 

4,100 

4.00 

10,450 

9.00 

28,900 

14.00 

72,950 

2.80 

4,800 

4.80 

10,840 

9.50 

88.306 

14.50 

77.a% 

8.00 

5.650 

5.00 

]],236 

10.00 

87.710 

16.00 

81.760 

Seofeet 

JAN. 
10  20 

FEB. 

10    20 

MAR. 
10    20 

APR. 
10    20 

MAY 
10    20 

JUNE 
10   20 

JULY 
10    20 

AUO. 
10   20 

SEPT. 
10    20 

OCT. 
10    20 

NOV. 
10    20 

DEC.      1 
10   20     1 

24000 

22000 

20000 

! 
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FIQ.  28.— DIAGRAM  OF  THE  DAILY  MEAN    DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE 
'  YADKIN  RIVER  NEAR  SALISBURY,  N.  C,  FOR  1898. 
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Estimated  Monthly  Discharge  or  the  Yadkin  River  at  Salisburt,  North  Carolina. 
[Drainage  area  3,899 square  miles.] 


Month. 


1896. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October. 

November 

December 

The  year 


Discharge  in  second-feet. 

ToU)  in 

Maxi- 

Mini- 

Mean. 

acre-feet. 

mum. 

mum. 

9,290 

2,100 

8,841 

206,427 

2,860 

1,400 

1,060 

108,800 

13,820 

1,725 

8,089 

186,858 

10,646 

1,660 

2,965 

176,482 

14,280 

1.400 

2,982 

183,361 

2,667 

1,660 

1,882 

109,007 

10,460 

1,100 

8,167 

104,728 

18,820 

1.726 

4,998 

807,007 

79,908 

1,400 

8,296 

498,584 

16,560 

1,TS6 

4,248 

261,076 

4,800 

1,726 

2,197 

130,782 

12,646 

1,660 

8,284 

201.928 

79,998 

1,100 

8,624 

2,668,485 

Run-off. 


Depth  in 
inches. 


Second-feet 

per  square 

mile. 


1.13 
0.60 
1.02 
0.97 
1.00 
0.60 
1.07 
1.85 
2.81 
1.44 
0.69 
1.10 


18.78 


0.98 
0.68 
0.89 
0.87 
0.87 
0.54 
0.98 
1.17 
2.44 
1.26 
0.62 
0.90 


1.01 


NOBWOOD  STATION  ON  THE  YADKIN  BIYZTB. 

This  gauge  was  established  September  1,  1896,  at  Blalock's  ferry, 
about  two  miles  from  Norwood,  N.  C.  The  gauge  is  a  vertical  rod 
securely  spiked  and  braced  to  an  overhanging  tree  near  the  ferry,  and 
is  divided  into  feet  and  tenths.  The  rod  is  referred  to  a  bench  mark, 
consisting  of  a  large  nail  driven  into  a  notch  cut  in  the  root  of  a  birch 
tree  about  60  feet  northwest  of  the  rod,  and  the  tree  is  immediately  in 
front  of  the  turn  of  the  road  leading  to  the  ferry.  The  zero  of  the  gauge 
is  6.98  feet  below  the  elevation  of  the  bench  mark.  The  river  here  is 
about  960  feet  wide,  shallow,  with  a  bottom  of  sand  and  small  rocks, 
not  subject  to  change  by  high  water,  and  giving  a  good  section  for 
gauging.     The  measurements  are  taken  from  the  ferry-boat. 

The  tables  of  daily  gauge  height  for  this  station  will  be  found  in 
Water  Supply  and  Irrigation  Papers  Nos.  11  and  15,  published  by  the 
U.  S.  Geological  Survey. 


List  op  Discrarob  Measurements  made  on  Yadkin  river  near  Norwood, 

North  Carolina. 


No. 

Date. 

1896. 

1 
2 

Sept.  1 
Sept.  15 

1897. 

3 
4 

5 
6 

7 

Feb.  12 
Mar.  21 
Aug.  4 
Oct.  6 
Oot.    26 

1808. 

8 
9 

Jao.  16 
May   1 

Hydrographer. 


B.  W.  Myers 
....do 

B.  W.  Myers 

....do 

....do 

....do 

A.  P.  Davis . 

B.  W.  Myers 
....do 


Meter 
No. 


2154 
2154 


21.54 
21.54 
21.54 
21.54 
94 


2154 
2154 


belffbt. 

(feet). 


1.00 
1.34 


3.82 

3.80 
1.66 
l.on 
1.48 


1.63 
5.75 


Area  of 

section 

(square 

feet). 


1,869 
2,211 


8,779 
4,617 
2,544 
1,821 
2,152 


2,474 
6,465 


Mean 
velocity 
(feet  per 
second). 


0.82 
0.92 


2.54 
2.59 
1.83 
0.82 
1.26 


1.22 
3.84 


Disoharve 
(second- 
feet). 


1.587 
2,086 


9,607 
11,710 
8,392 
1,608 
2,715 


8,041 
24,825 
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RESULTS   OF    STREAM   MEASUREMENTS. 


Feet. 


2000    4000    0000    MOO    10000    12000   14000    1*000    18000    20000   22000    24000    » 

FIQ.  29.— RATING  CURVE  FOR  NORWOOD  STATION,  ON  THE  YADKIN  RIVER,  N.  C. 

Ratinq-Tablk  for  Tadkin  rivbb  at  Norwood,  North  Carolina.  roR  1886. 


Gauge 
height. 

Discharge. 
Sec-feet. 

Gauge 
height. 

Discharge. 
Sec-feet. 

Gauge 
height. 

Feet, 

Discharge. 

Gauge 
height. 

Feet, 

Discharge. 

Feet. 

Feet. 

Sec-feet. 

Sec-feet. 

0.70 

haoo 

1.60 

8,100 

2.60 

6Ji65 

8.40 

10400 

0.80 

1,370 

1.70 

8,485 

2.60 

6,960 

8.50 

lOJiOO 

0.90 

l,4fiO 

1.80 

3,870 

2.70 

7,886 

3.00 

10,900 

1.00 

1,540 

1.00 

4,255 

2.80 

7,730 

8.70 

iilaoo 

1.10 

1,640 

2.00 

4,640 

2.90 

8,110 

8.80 

11,700 

1.20 

1,880 

2.10 

5,085 

3.00 

8,500 

3.90 

12,100 

i.ao 

2,080 

2.20 

5,410 

8.10 

8,900 

4.00 

12,500 

1.40 

2.880 

2.80 

5,7«5 

8.20 

9,800 

.... 

1.50 

2,730 

2.40 

6,180 

8.80 

9,700 

Gauge 
height. 

Discbarge. 

Feet. 

Sec-feet. 

0.7 

1,280 

0.8 

1,810 

0.9 

1,880 

1.0 

1,480 

1.2 

1,820 

1.4 

2,400 

1.6 

8,160 

1.8 

3,920 

2.0 

4,680 

2.2 

5.440 

2.4 

6200 

Discharge. 

Gauge 
height. 

Feet. 

Discharge. 

Gauge 
height. 

Feet, 

Discharge. 

Sec-feot. 

Sec-feet. 

Sec-feet. 

6,900 

4.8 

18,000 

7.0 

344)00 

7,720 

5.0 

19,400 

7.2 

86,580 

8,480 

5.2 

20,920 

7.4 

86.980 

9,240 

5.4 

22,880 

7.6 

88,440 

10,000 

5.6 

28,840 

7.8 

88.900 

10,860 

5.8 

26,800 

8.0 

41.860 

11,800 

6.0 

26.780 

8.2 

42,820 

12,800 

6.2 

28,220 

8.4 

44J880 

13,800 

6.4 

29,080 

8.6 

45,740 

15,100 

6.6 

81,140 

8.8 

47W 

16.540 

6.8 

82.600 

9.0 

48.660 

Seo-feet 

TO- 

AP«7n 

+0  JD  J 

UAV    ' 

to  iQ 

JUNC 

JUtV 

AUC 

^ 

1 
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FIQ.  30.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  YADKIN 
RIVER,  AT  NORWOOD,  N.  C,  FOR  1897.     (U.  S.  G.  S.) 
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BtTIMATBD  MOITTHLy  DiBOHAROS  OF  YADKIV  RITBR  AT  NORWOOD,  NORTH  CAROLINA. 

[Drainage  area,  4,614  square  miles.] 


Montb. 


1808. 

September 

October  

November 

December 

1807. 

January 

February 

March 

April 

May 

June 

July 

Auirust 

September 

October 

November 

December 

The  year 

1896. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


9,700 
2«,]00 
30,600 
11,700 


15,810 
60,120 
83,830 
45,010 
14,400 
14,400 
15,810 
6,580 
2.780 
26,900 
8,480 
7,340 


60,120 


11,800 
4,255 
26.900 
15,100 
16,960 
5,796 
8,480 
12,800 
64.660 
23,840 

1?!^ 


64,660 


Mini- 
mum. 


1,450 
1,640 
2,080 
2.060 


2,780 
4,300 
5,440 
5,060 
4,300 
8,160 
2,400 
2,400 
1,310 
1,480 
1,^^ 
2.080 


1,810 


2,720 
2,T» 
2.T20 
3,486 
2,880 
1,830 
1380 
1,820 
1,«30 
8,160 
3,540 
8,540 


l.f 


Mean. 


2,400 
8J326 
4,176 
4,885 


4,880 
18,760 
18,017 
0,755 
6,388 
5,897 
5,496 
8,712 
1,774 

2*978 
4,171 


6,198 


4,429 
8,800 
5,886 
6,004 
4,586 
2,626 
8,819 


8,645 
7,229 
5,868 
7,436 


5,482 


Total  in 
acre-feet. 


148,844 
198,297 
248,489 
300,309 


800,060 
764.190 
800,386 
580,466 
892,785 
821,145 
337.875 
228,240 
105,560 
184,400 
176.910 
256,466 


4,448,480 


272,788 
188J380 
862,519 
867,238 
279,372 
165,268 
284,818 
827,669 
514,410 
444,491 
848,574 
457,157 


8.942,568 


Run-off. 


Depth  in 
inches. 


0.58 
0.81 
1.01 
1.2S 


1.22 
3.10 
3.26 
2.86 
1.50 
1.81 
1.87 
0.98 
0.43 
0.75 

o.n 

1.04 


18.05 


1.10 
0.76 
1.48 
1.47 
1.13 
0.63 
0.95 
1.88 
2.09 
1.80 
1.42 
1.86 


16.0S 


Second-feet 

per  square 

mile. 


0.52 
0.70 
0.91 
1.06 


0.80 

1.06 
2.08 
2.82 
2.11 
1.38 
1.17 
1.19 
0.81 
0.88 
0.66 
0.64 
0.90 


1.34 


0.06 
0.78 
1.28 
1.82 
0.98 
0.67 
0.83 
1.15 
1.87 
1.56 
1.27 
1.61 


1.18 
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FIG.  31.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  YADKIN 
RIVER,  AT  NORWOOD,  N.  C,  FOR  1898. 
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KESULTB   OF   STBEAM   M£ABUSEB££NT8. 


CATAWBA  STATION  ON  THE  CATAWBA  BIVE&. 

This,  the  upper  point  at  which  measurements  of  discharge  are  made 
on  this  river,  is  located  about  one-fourth  of  a  mile  from  the  town  of 
Catawba,  on  the  Southern  railway  bridge  that  crosses  the  river  at  this 
point.  The  zero  of  the  gauge-rod  is  23  feet  east  of  the  west  end  of  the 
second  span  of  the  bridge,  and  the  distance  from  the  zero  of  the 
gauge  to  the  outer  rim  of  the  pulley-wheel  is  3  feet  The  distance  from 
the  end  of  the  weight  to  the  marker  on  the  wire  is  35.58  feet,  the  read- 
ing being  zero  when  the  weight  touches  the  bottom  of  the  stream.  The 
section  here  is  a  fairly  good  one  as  the  bottom  is  smooth,  but  of  sand 
or  clay  and  seemingly  Hablo  to  change  by  high  water.  The  river  is 
straight  for  several  hundred  yards  above  and  below  the  station  and  the 
current  velocity  is  fairly  uniform  all  the  way  across.  The  section  is 
somewhat  obstructed  by  a  sand-bank  on  the  east  side  of  the  river  a 
little  up-stream  from  the  station,  which  throws  most  of  the  water  to 
the  west  bank,  and  the  water  near  the  east  bank  is  shallow. 

The  tables  of  daily  gauge  height  for  this  station  for  1896  and  1897 
will  be  found  in  Water  Supply  and  Irrigation  Papers  Nos.  11  and  15, 
published  by  the  U.  S.  Geological  Survey. 


List  of  Disoharob  Mbasurimsnts  mads  on  Catawba  riybr  at  Catawba, 
North  Caroliita. 


No. 

Date. 

1896. 

1 
ft 
8 

i 

June  80 
July    4 
Aug:.  80 
Sept.  18 

1897. 

6 
6 

7 
8 

Feb.    8 
Auir.  8 
Oct.    5 
Oct.  26 

1898. 

9 

Jan.  14 

Hydrographer. 


B.  W.  Myera 

....do 

....do- 

....do 

B.  W.  Myen 

....do 

....do 

A.  P.  Davis  . 

E.  W.  Myers 


Meter 
No. 


21 

21 

2154 

3154 


2154 

2154 

2154 

94 


2154 


Oaufre 
belirbt 

(feet). 


2.25 
3.08 
1.45 
1.94 


5.52 
1.90 
1.60 
1.82 


2.01 


Area  of 

section 

(square 

feet). 


988 
1,238 

748 
1,069 


2.915 
975 
825 

1,098 


1,072 


Mean 
velocity 
(feet  per 
second). 


1.11 
1.88 
0.98 
1.87 


8.83 
1.89 
0.98 
1.16 


1.14 


Discbarge 
(second- 
feet). 


1,044 

73S 
1,458 


9,711 

1,858 

775 

i;p?9 


1.288 


Ratino-Tablb  for  Catawba  rivbb  at 

Catawba. 

North  Carouna,  fob  1898. 

Oauire 
beifrht. 

Discbarge. 

Gauge 
belgbt. 

Discbarge. 

Gauge 
belght. 

Discbarge. 

Gauge 
beiffbt. 

Discbarge. 

Fe#»t. 

Sec-feet. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

1.00 

540 

2.60 

1,680 

4.00 

5,000 

5.60 

9,500 

1.10 

570 

^    2.60 

1,740 

4.10 

5.800 

5.60 

9.800 

1.30 

610 

2.70 

1.860 

4.20  • 

6,600 

6.70 

10,100 

1.30 

055 

2.80 

1,990 

4.30 

5,900 

5.80 

10,400 

1.40 

710 

2.90 

2,140 

4.40 

6,260 

5.90 

10,700 

l.BO 

770 

8.00 

2,800 

4.50 

6.600 

6.00 

11,000 

1.60 

885 

8.10 

2,480 

4.60 

6,800 

6.10 

113)0 

1.70 

010 

8.20 

2,700 
2,(150 

4.70 

7,100 

6.20 

11,600 

1.80 

980 

8.30 

4.80 

7,400 

6.80 

11,900 

1.90 

1,060 

8.40 

3,220 

4.90 

7,700 

6.40 

12.200 

2.00 

1,140 

3.60 

3,500 

5.00 

8,000 

6.50 

12.500 

2.10 

1,230 

8.60 

3,800 

5.10 

8.300 

6.60 

12.800 

2.30 

1,320 

8.70 

4,100 

5.20 

8,600 

6.70 

13,100 

3.30 

1,420 

3.80 

4,400 

5.30 

8.900 

6.80 

13,400 

3.40 

1.530 

3.90 

4.700 

5.40 

9.200 

6.00 

18,700 

OATAWBA    STATION    OX    THE    CATAWBA    BIYEB. 
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.  Estimated  Monthly  Discharge  of  Catawba  river  at  Catawba,  North  Carolina. 
[Drainage  area,  1686  square  miles.] 


Month. 


isee. 

July  4  to  31 

August 

September 

October 

November 

December 


Discharge  in  second-feet. 

Maxi- 

Min- 

Mean. 

mum. 

mum. 

18.100 

1,420 

4.486 

1.420 

770 

1,071 

6,000 

770 

1,000 

1,(00 

770 

806 

16.200 

886 

2.282 

0,800 

1,000 

2.149 

248,024 
86.868 
84.860 
63.187 
132.218 
182,137 


Kun-oCr. 


Ratiko-Table  for  Catawba  river  at  Catawba.  North  Carolina,  for  1807. 


Gauge 
height. 

Discharge. 

Gauge 
heigEt. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

1.6 

750 

8.8 

4,685 

6.6 

12,796 

10.0 

22.826 

1.8 

860 

4.0 

6.126 

8.8 

13,386 

10.6 

24.800 

1.7 

950 

4.2 

6,716 

7.0 

13,975 

11.0 

28,775 

1.8 

1,060 

4.4 

6,806 

7.2 

14,666 

11.6 

27.260 

1.9 

1,160 

4.6 

6,895 

7.4 

16,155 

12.0 

28.725 

2.0 

1,270 

4.8 

7,485 

7.6 

16,746 

12.6 

80.200 

2.2 

1,490 

6.0 

8.076 

7.8 

16.336 

13.0 

81,675 

2.4 

1,730 

6.2 

8,686 

8.0 

16,926 

13.5 

83,160 

2.8 

1,980 

6.4 

9.256 

8.2 

17,515 

14.0 

84,625 

2.8 

2.260 

6.6 

9.845 

8.4 

18.106 

14.6 

36,100 

8.0 

2.660 

6.8 

10,436 

8.6 

18,005 

16.0 

87.676 

3.2 

2.980 

6.0 

11,025 

8.8 

19,285 

16.6 

80.060 

8.4 

3,460 

8.2 

11,615 

9.0 

19,875 

16.0 

40.626 

8.6 

8,960 

6.4 

12,205 

9.5 

21,360 

Estimated  Monthly  Discharge  of  Catawba  river  at  Catawba,  North  Carolina, 
[Drainage  area.  1686  square  miles.] 


Month. 


1897. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Maxi- 

Mini- 

Mean. 

mum. 

mum. 

6,452 

1,060 

1,647 

40.230 

1.560 

7.006 

17,663 

1,660 

6,637 

40,625 

2.180 

6,014 

11.025 

1,435 

2,600 

3,450 

1,270 

J'S? 

3,210 

1,270 

1,774 

2,660 

960 

1,321 

1,380 

900 

1,017 

16,925 

850 

1,787 

2.560 

950 

1.283 

1,860 

1,105 

1,328 

40,625 

860 

2,683 

Total  m 
acre-feet. 


101.270 

880.096 

346,605 

298,365 

169,870 

109,070 

109,080 

81,225 

60,515 

109,880 

73,370 

81,666 


Run-Off. 


Depth  in 
inches. 


1.23 
4.79 
4.24 
3.64 
1.96 
1.33 
1.34 
0.99 
0.78 
1.85 
0.80 
0.99 


23.47 


Second-feet 

per  square 

mile. 


1.07 
4.60 
3.87 
8.28 
1.09 
1.19 
1.16 
0.86 
0.66 
1.17 
0.80 
0.86 


1.76 
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BESULTS   OF    STB£AM   MEA8USEUENT8. 
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FIG.  32— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE 
CATAWBA  RIVER,  AT  CATAWBA,  N.  C,  FOR   1897.     (U.  S.  G.  S.) 


Ratino-Tablb  fob  Catawba  rivbb  at 

Catawba, 

North  Carolina,  for 

189ft. 

Gaiure 
hei^t. 

Discharge. 

Oaugre 
helgrht. 

Discharfire. 

Gauffe 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Feet. 

8eo.-feet. 

Feet. 

Sec-feet. 

Feet. 

Seo.-feet. 

Feet. 

Sec.-feet. 

1.6 

760 

8.6 

4,875 

7.2 

14,716 

18.5 

1.6 

870 

8.8 

4,875 

7.4 

15,806 

14.0 

34,775 

1.7 

1,000 

4.0 

6,400 

7.6 

16,895 

14.5 

86,260 

1.8 

1,140 

4.2 

6,940 

7.8 

16,486 

16.0 

87,735 

1.9 

1,280 

4.4 

6,405 

8.0 

17,075 

16.6 

39,200 

2.0 

1,426 

4.6 

7,065 

8.2 

17,665 

16.0 

40,675 

2.1 

1,575 

4.8 

7,640 

8.4 

18,256 

16.5 

42,150 

2.2 

1,725 

5.0 

8,226 

8.6 

18,846 

17.0 

48,650 

2.8 

1,875 

5.2 

8,816 

8.8 

I9,4a5 

17.5 

45,160 

2.4 

2,025 

6.4 

9,405 

9.0 

20,025 

18.0 

46.660 

2.5 

2,175 

5.6 

9,995 

9.5 

21,500 

18.6 

4«,150 

2.6 

2,325 

5.8 

10,585 

10.0 

22,976 

19.0 

49,660 

2.7 

2,600 

6.0 

11,175 

10.5 

24,450 

19.5 

51,150 

2.8 

2,676 

6.2 

11,766 

U.O 

25,925 

ao.o 

68.650 

2.9 

2,860 

6.4 

12,356 

11.5 

27,400 

20.6 

54,150 

8.0 

8,050 

6.6 

12,946 

12.0 

28,875 

21.0 

56,660 

8.2 

8,450 

6.8 

18,636 

12.5 

80,350 

21.5 

67,160 

3.4 

3,900 

7.0 

14,125 

18.0 

31,825 

22.0 

68,660 

Estimated  Monthly  Discharge  of  Catawba  river  at  Catawba,  North  Carolina. 
[Drainage  area,  1536  square  miles.] 


Month. 


1898. 

January  

February 

March 

April 

May 

June 

July 

August 

September.. 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Maxi- 

Mini- 

Mean. 

mum. 

mum. 

9,500 

1,100 

1.710 

1,320 

1.100 

1,172 

15,500 

1.060 

1,983 

2.050 

1,230 

1,493 

3.500 

1,020 

1,276 

3,500 

910 

1.069 

14,125 

1.140 

3.292 

21,990 

1.425 

5,018 

52,500 

1.500 

6.667 

27,400 

2.675 

7.202 

3,675 

2,335 

2,689 

9.996 

2.175 

3.162 

52.500 

1,000 

8,251 

Total  in 
acre-feet. 


105,145 

66,092 

121,982 

88,895 

78,461 

68.605 

202,415 

808,556 

396.709 

442.831 

159.917 

194.421 


Run-off. 


Depth  in 
inches. 


Second-feet 

per  square 

mile. 


1.38 
0.79 
1.40 
1.07 
0.95 
0.77 
2.47 
3.76 
4.85 
5.40 
1.96 
2.37 


1.11 
0.76 
1.29 
0.96 
0.83 
0.60 
2.14 
8.20 
4.35 
4.60 
1.75 
2.06 


2.11 


BOCK    HILL  STATION   ON    THE    CATAWBA   BIVER. 
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FIQ.  33.— DIAGRAM  OF  THE  DAILY  MEAN  DI8CHARQE  IN  CUBIC  FEET  PER  SECOND  OF  THE  CATAWBA 
RIVER,  AT  CATAWBA,  N.  C,  FOR  1898. 

BOOK  HTTiL  STATION  ON  THE  OATAWBA  BIVE&. 

The  Catawba  river,  a  short  distance  south  of  the  North  Carolina  state 
line,  is  crossed  by  three  railroad  bridges,  these  being  in  succession  down 
stream,  the  bridge  of  the  Southern  railway,  three  miles  south  of  Fort 
jMill,  the  bridge  of  the  Seaboard  Air  Line  (Georgia,  Carolina  and 
Northern)  about  three  miles  from  Catawba  Junction,  and  below  this 
the  bridge  of  the  Ohio  river  and  Charleston  railroad.  Each  of  these 
was  examined  to  ascertain  the  most  desirable  point  for  making  river 
measurements.  It  was  decided  that  the  highest  of  these  crossings  near  Fort 
Mill  was  the  most  desirable,  and  a  gauge  was  placed  here  on  September 
8,  1895.  It  is  fastened  to  the  upper  side  of  the  guard-rail,  the  two- 
foot  mark  of  the  rod  being  over  the  center  of  the  second  vertical  of  the 
second  truss  from  the  south  end  of  the  bridge.  The  distance  from  the 
zero  of  the  rod  to  the  outer  rim  of  the  pulley-wheel  is  1.30  feet,  and 
the  length  of  the  wire  rope  from  the  pointer  on  the  wire  to  the  end  of 
the  weight  is  62.96  feet.  The  station  is  reached  by  private  conveyance 
from  Rock  Hill,  S.  C. 

Above  this  point  observations  of  river  height  have  been  kept  by  the 
Weather  Bureau  at  Mount  Holly,  N.  C,  this  point  being  five  miles 
north  of  the  state  line  and  nearly  25  miles  from  the  Eock  Hill  station. 
A  gauge  here  is  attached  to  one  of  the  piers,  but  readings  have  not  been 
made  since  1884.  Measurements  of  discharge  could  not  be  satisfac- 
torily made  at  this  point,  as  the  river  is  very  sluggish  just  under  the 
bridge,  and  is  said  to  be  ponded  by  a  dam  one  mile  below. 

The  tables  of  daily  gauge  height  for  this  station  will  be  found  in 
Water  Supply  and  Irrigation  Papers  Nos.  11  and  15,  published  by  the 
U.  S.  Geological  Survey. 
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RESULTS   OF   STREAM   MEASUREMENTS. 


List  of  Discharob  Measurbments  made  on  Catawba  bitbr  at  Rock  Hill, 

South  Carolina. 


No. 


6 

7 

8 

0 

10 


11 
12 


13 


Date. 


1805. 

Sept.  28 
Oct.    25 

1886. 

Apr.  16 
Aug.  20 
Sept.  17 

1897. 

Feb.  9 
Apr.  6 
Aug.  16 
Oct.  8 
Nov.    1 

1898. 

JRD.  26 
Oct.    26 

1899 

Feb.   28 


Hydroffrapher. 


CO.  Babb  . 
....do 

B.  W.  Myers 
....do..:.... 
....do 

B.  W.  Myers 

....do 

....do 

....do 

A.  P.  Davis. 

B.  W.Myers 
....do 

...do 


Meter 
No. 


29 
76 


21 
2164 
2164 


2164 

76 

2164 

2154 

94 


2154 
2154 


87 


Gauge 
height 

(feet). 


1.68 
1.51 


1.90 
1.78 
1.58 


4.60 
12.10 
1.65 
1.21 
1.45 


8.20 
3.60 


8.61 


Area  of 

section 

(square 

feet). 


806 


1,169 
924 
979 


8.178 
10.121 
1,001 
896 
1^864 


2J297 
2,088 


2.666 


Mean 
velocity 
(feet  per 
second). 


1.66 
1.78 


1.64 
1.68 
1.86 


8.06 
4.64 
1.88 
1.71 
2.09 


8.86 
8.49 


8.16 


Discharge 
(second- 
feet). 


1.840 
1,477 


1.787 
1,608 
1,386 


9,711 
46.040 
2,006 
1.53S 
2,619 


7.738 
7,108 


8,066 


Ratino-Tablb  roR  Catawba  river 

AT  Rook  Hill,  South  Carolina 

[This  teble  is  applicable  from  September,  1895,  to  December.  1896.] 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet. 

Feet. 

Sec.  feet 

Feet. 

Sec.  feet. 

1.20 

1,140 

4.20 

8,720 

7.20 

21,900 

10.20 

86Ji0O 

1.40 

1,260 

4.40 

9,840 

7.40 

22,800 

10.40 

87,600 

1.00 

1,400 

4.60 

10,160 

7.60 

28.700 

10.60 

88,600 

1.80 

1,660 

4.80 

11,060 

7.80 

24,600 

10.80 

89.600 

2.00 

1,900 

5.00 

12,000 

8.00 

26,600 

11.00 

40ji00 

2.20 

2,620 

5.20 

12,900 

8.20 

26.600 

11.20 

41.600 

3.40 

8,140 

6.40 

13,800 

8.40 

27,600 

11.40 

42Ji00 

2.60 

8,760 

5.60 

14,700 

8.60 

28,600 

11.80 

430100 

2.80 

4,380 

5.80 

15,600 

8.80 

29,600 

11.80 

44,500 

8.00 

5,000 

6.00 

16,600 

9.00 

80.600 

12.00 

45.600 

8.20 

5,620 

6.20 

17,400 

9.20 

81,600 

12.20 

46,600 

8.40 

6,240 

6.40 

18,300 

9.40 

32,600 

12.40 

47.600 

3.60 

6,860 

6.60 

19,200 

9.60 

83,600 

12.60 

48,500 

8.80 

7,480 

6.80 

20,100 

9.80 

84,600 

12.80 

49,600 

4.00 

8,100 

7.00 

21.000 

10.00 

85,600 

18.00 

6a600 

BsTiMATED  Monthly  DraoHAROB  of  Catawba  river  near  Rook  Hill,  South  Carolina. 
[Drainage  area,  2,987 square  miles.] 


Month. 


1805. 

September  28  to  30 

October 

November  1  to  9, 17  to  30. 
December 

1896. 

January  

February 

March 

April 

May 

June 

July  

August 

September 

October 

November 

December 

Per  annu m  (1896) 


Discharge  in  second-feet. 

Maxi- 

Mini- 

Mean. 

mum. 

mum. 

1,860 

1;300 

1.318 

1,400 

1,300 

1,364 

2,237 

1,400 

1,646 

6.860 

1,400 

2,192 

9,700 

1,560 

3,062 

19.860 

2,287 

6,008 

2,851 

1,700 

2,009 

16.040 

1.470 

2.046 

9,060 

1,400 

2,277 

5,630 

1,830 

2.014 

>e2.500 

1,400 

10,216 

1.980 

1,330 

1,604 

9,060 

1.330 

1,878 

7,790 

1.330 

1.670 

14,120 

1,400 

2,661 

14,600 

1.560 

8,109 

»fl2.500 

1.380 

3,274 

Total  in 
acre-feet. 


20,912 
88,809 
70,518 
134,782 


188,275 
850,478 


167,889 
140,008 
119,841 


98,626 
111,461 
102,684 
158,840 
194,866 


2,878.666 


Run-Off. 


Depth  in 
inches. 


0.18 
0.68 
0.44 
0.84 


1.19 
2.20 
0.77 
0.99 
0.87 
0.74 
8.05 
0.62 
0.70 
0.64 
0.99 
1.22 


14.88 


Second-feet 

per  square 

mile. 


0.44 
0.46 
0.62 
0.73 


1.06 
2.04 
0.67 
0.89 
0.76 
0.67 
8.42 
0.54 
0.68 
0.56 
0.89 
1.06 


1.10 


'  Estimated. 


BOOK    HILL  STATION   ON    THE   OATAWBA.  BIVEB. 
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Ratino-Tablb  roR  Catawba  river  nbar  Rock  Hill,  South  Carolina,  for  1897. 


Gauge 
height. 


1.00 
1.80 
1.40 
1.00 
1.80 
2.00 
2.80 


DUoharge. 


Jan.  1  to 
Feb.e. 


i;860 
1,450 
1,700 
2,000 
2,960 


Feb.  7  to 
Dec.  81. 


1,000 
1,700 
1,900 
2,200 
2JM)0 
2,800 
8,100 


Gauge 
height. 


2.40 
2.00 
2.80 
8.00 
8.50 
4.00 
4.50 


Discharge. 


Jan.  1  to 

Feb.  7  to 

Feb.  8. 

Dec.  81. 

2,700 

8,450 

3,100 

8.800 

8,500 

4,200 

8,900 

4,000 

5,060 

5,750 

8.400 

7,000 

8,060 

8,875 

Gauge 
height. 


6.00 
5.50 
0.00 
0.50 
7.00 
7.50 
8.00 


Discharge 


Feb.  7  to 
Dec.  81. 


9,800 
11.800 
18,000 
14.750 
10,560 
18,600 
20,600 


Gauge 
height. 


9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 


DlBch'rge 


Feb. 7  TO 
Dec.  31. 


25.600 
31,000 
88,000 
46,800 
62,70U 
00,100 
07,500 


Estimated  Monthly  Disoharge  of  Catawba  riter  near  Rook  Hill,  South  Carolina. 
[Drainage  area,  2987  square  miles.] 


Month. 


1897. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  In  second-feet. 


Maxi- 
mum. 


6,560 
05,060 
19,300 
54,920 
8,100 
7,886 
10,560 
8,926 
2JS00 
9,200 
4,000 
8,100 


06,060 


Mini- 
mum. 


1,675 
1,776 
8,276 
3,100 
2,060 
2,200 
2,060 
1,975 
1,700 
1,900 
1,900 
2,126 


1,676 


Mean. 


2,097 
9,277 
7,687 
7,066 
8,671 
8,128 
2,900 
2,687 
1,817 
2,311 
2,180 


8,910 


Total  in 
acre- feet. 


128,940 
615,220 
408,480 
419,800 
219,676 
180,130 
178,816 
169,070 
108,120 
142,100 
180,075 
156,186 


2,800,120 


Run-off. 


Depth  in 
inches. 


0.81 
8.24 
2.91 
2.03 
1.38 
1.17 
1.12 
1.00 
0.08 
0.89 
0.81 
0.97 


17.01 


Second- feet 

per  square 

mile. 


0.70 
8.11 
2.62 
2.30 
1.20 
1.05 
0.97 
0.87 
0.81 
0.77 
0.73 
0.84 


1.81 
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FIO.  34.— DIAGRAM  OF  THE  DAILY  MEAN  DI8CHARQE  IN  CUBIC  FEET  PER  SECOND  OF  THE  CATAWBA 
RIVER,  AT  ROCK  HILL,  8.  C,  FOR  1896.     (U.  8.  Q.  8.) 
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SE8ULT8   OF    8TBEAM    MEASTJSEUEHTS. 


Rating-Table  for  Catawba  river  at 

ROGK  HiiiL,  South  Carolina,  for  1898. 

Gaugre 
helgrht. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Feet. 

Discharge. 
Sec-feet. 

Gauge 
height. 

Discharge. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

1.0 

1,800 

2.6 

6.000 

6.0 

12,400 

9.6 

82,500 

1.1 

1,860 

2.6 

6,270 

6.2 

18,120 

10.0 

85,000 

1.2 

2,100- 

2.7 

5,640 

6.4 

18,840 

10.6 

87,600 

1.8 

2,2fl0 

2.8 

5,810 

6.6 

14,660 

11.0 

40,000 

1.4 

2,480 

2.9 

6,080 

6.8 

16,280 

11.6 

42,750 

1.6 

2,610 

3.0 

6,360 

6.0 

16,000 

12.0 

45,500 

1.6 

2,810 

3.2 

6,980 

6.2 

16.800 

12.5 

49,660 

1.7 

3,030 

8.4 

7.610 

6.4 

17,600 

18.0 

53,600 

1.8 

8,240 

3.6 

8,100 

6.6 

18,400 

18.6 

67,700 

1.9 

3,460 

3.8 

8.700 

6.8 

19,200 

14.0 

61,800 

2.0 

3,700 

4.0 

9,300 

7.0 

20,000 

14.6 

66,900 

2.1 

3,900 

4.2 

9,900 

7.6 

22,500 

16.0 

70,000 

2.2 

4,220 

4.4 

10,500 

8.0 

26,000 

16.6 

74,100 

2.3 

4,480 

4.6 

11,120 

8.6 

27,600 

16.0 

78,300 

2.4 

4,740 

4.8 

11,780 

9.0 

80,000 

Estimated  Monthly  Dibcharoe  of  Catawba  river  near  Rock  Hill,  South  Carolina. 
[Drainage  area,  2967  square  miles.] 


Month. 


1898. 

January  

February 

March  

April 

May 

June 

July 

August 

September » 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Maxi- 

Mini- 

Mean. 

mum. 

mum. 

7,668 

2,200 

2,794 

2,800 

2,060 

2,869 

15,126 

2,060 

2,860 

7,240 

2,060 

8,066 

8,275 

1,700 

2,142 

6.290 

1.600 

2,091 

9,600 

1,800 

3,822 

28,000 

8,240 

6,582 

6,980 

8,460 

6,042 

86.500 

4,480 

10,498 

7,800 

5,000 

5,694 

12,080 

4,480 

6,186 

38.500 

1,800 

4,869 

Total  in 
acre-feet. 


in,816 
181,568 
175,864 
182,480 
181,706 
124,428 
286,002 
411,641 
71,899 
641,214 
832,865 
880,887 


3,258,048 


Run-off. 


Depth  in 
Inches. 


1.08 
0.82 
1.09 
1.14 
0.88 
0.81 
1.48 
2.51 
0.45 
4.05 
2.00 
2.88 


Second-feet 

per  square 

mile. 


20.80 


0.94 
0.79 
0.96 
l.OS 
0.72 
0.70 
1.28 
2.18 
2.02 
8.51 
1.87 
2.07 


1.63 


Sec-feet 
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FIQ.  35.-DIAGRAM  OF  THE  DAILY  MEAN  DISCHARQE  IN  CUBIC  FEET  PER  SECOND  OF  THE  CATAWBA 
RIVER,  AT  ROCK  HILL,  S.  C,  FOR  1897.     (U.  S.  O.  S.) 

*  6  days^  record. 


OA7FNEY   STATION   ON   THE   BBOAD   BIVSB. 
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FIQ.  36— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  CATAWBA 
RIVER,  AT  ROCK  HILL,  S.  C,  FOR  1898. 


GATTNEY  STATION  ON  THE  BBOAD  BIVSOEL 

Thifl  gauge  is  located  on  the  Southern  railway  bridge  about  three 
miles  from  Gaffney,  S.  C,  and  was  established  July  1,  1896.  The  zero 
of  the  gauge  is  18  feet  east  of  the  west  end  of  the  third  span  of  the  bridge 
from  the  east.  The  distance  from  the  zero  of  the  gauge  to  the  outer 
rim  of  the  pulley-wheel  is  2.5  feet,  and  from  the  end  of  the  weight  to 
the  pointer  on  the  wire  is  50.71  feet.  The  section  under  the  bridge 
is  a  good  one,  as  the  river  is  straight  for  several  hundred  yards  above 
and  below  the  bridge  and  the  current  velocity  is  uniformly  distributed 
all  the  way  across.  The  river  here  is  broad  and  there  are  several  pier 
obstructions.  The  measurements  are  therefore  taken  at  a  ferry  about 
one-fourth  of  a  mile  above  the  bridge,  where  the  river  is  much  nar- 
rower. The  measurements  are  taken  from  the  ferry-boat  The  section 
here  is  very  good  except  that  the  bottom  seems  liable  to  cut  out  in  high 
water. 

This  gauge  was  broken  September  30,  1898,  and  when  it  was  re- 
placed it  was  moved  to  the  ferry  above  where  the  gaugings  have  been 
made. 

The  tables  of  daily  gauge  height  for  this  station  for  1896  and  1897 
will  be  found  in  Water  Supply  and  Irrigation  Papers  Nos.  11  and  15, 
published  by  the  U.  S.  Geological  Survey. 
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BESULTS    OF   STREAM   MEASUREMENTS. 


List  or  Diboharoe  Measurements  made  on  Broad  river  near  Gatfney,  South 

Carolina. 


No. 


Date. 


1896. 

Aug.  18 
Sept.  16 

1897. 

Mar.  9 
Apr.  7 
Aug.  6 
Oct.  9 
Oct.  81 

1898. 

Jan.  27 


Hydrographer. 


B.  W.  Myers 
....do 

B.  W.  Myers 

....do 

....do 

....do 

A.P.Davis.. 

B.  W.  Myers 


Meter 
No. 


2154 
2154 


2154 

76 

2154 

2154 

94 


2154 


Gauge 
height 
(feet.) 


0.25 
0.10 


2.85 
8.49 
1.64 
0.92 
1.88 


2.67 


Area  of 

seotion 

(square 

feet.) 


782 
798 


2,077 
2,286 
1,201 
1,106 
1,190 


1,784 


Mean 
velocity 
(feet  per 
second). 


1.86 
1.20 


2.10 
2.82 
1.08 
0.75 
0.72 


1.71 


Discharge 
(second- 
feet). 


966 
960 


4,864 

5,3m 

1,297 

829 

861 


8,068 


Rating-Table  for  Broad  river  near  Gaffney,  South  Carolina. 

[This  table  is  applicable  from  July,  1896,  to  April  1887.] 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Feet. 

Sec-feet. 

Feet. 

Sec.-feet. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

0.00 

800 

1.10 

1,910 

2.20 

3,806 

8.80 

5,010 

0.10 

885 

1.20 

2,086 

2.80 

8,460 

8.40 

5170 

0.20 

975 

1.80 

2.160 

2.40 

8,600 

8.50 

5,380 

0.80 

1.075 

1.40 

2,286 

2.60 

8,760 

8.60 

5,500 

0.40 

1,175 

1.60 

2,410 

2.60 

8,900 

8.70 

5,670 

0.60 

1,275 

1.60 

2,585 

2.70 

4,060 

8.80 

5,840 

0.60 

1375 

1.70 

2,660 

2.80 

4,210 

8.90 

6,010 

0.70 

1,476 

1.80 

2,785 

2.90 

4,870 

4.00 

6,180 

0.80 

1,575 

1.90 

2,910 

8.00 

4,580 

0.90 

1,685 

2.00 

8.085 

8.10 

4;690 

1.00 

1,798 

2.10 

3,170 

8.20 

4,860 

Estimated  Monthly  Disoharoe  of  Broad  river  near  Gaffney,  South  Carolina. 
[Drainage  area,  i,4S5  square  miles.] 


Month. 


1896. 

July  12  to  81 

August 

September 

October. 

November 

December 


Discharge  in  second-feet. 

Maxi- 

Mini- 

Mean. 

mum. 

mum. 

2,585 

1^266 

1,496 

1,446 

885 

1,098 

2,685 

848 

1,119 

1,586 

980 

1,086 

8,800 

1,066 

1,965 

8,945 

1,646 

1,977 

Total  in 
acre-feet. 


59.840 
67,206 
66,585 
66,776 
116,881 
121,561 


Rating-Table  for  Broad 

RIVER  NEAR 

Gaffney, 

South  Carolina,  for 

1897. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Feet. 

0.7 
0.8 
0.9 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.4 

Sec-feet. 

7ft0 

T90 

810 

846 

940 
1,070 
1,260 
1,600 
2,076 
8,028 

Feet. 

2.6 
2.8 
3.0 
3.2 
8.4 
3.6 
3.8 
4.0 
4.2 
4.4 

Seo.-feet. 

3,604 
3,980 
4,466 
4,982 
5,408 
5,884 
6,360 
6,836 
7.312 
7,788 

Feet. 

4.6 
4.8 
6.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 

Sec-feet. 

8J964 
8,740 
9,216 
9,682 
10,168 
10,644 
11,120 
11,696 
12,072 
12,548 

Feet. 

6.6 
6.8 
7.0 
7.5 
8.0 
8.5 
9.0 

Sec-feet. 

18,024 
18,600 
18,976 
15,106 
16,866 
17,546 
18,786 

OAVFNET   STATION   ON   THE    BROAD   BIVXB. 
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B8TIMATBD  MONTHI.Y  DTdOIIABOB  OF  BbOAD  RITER  NEAR  GaFPNET.  SOUTH  CAROLINA. 

[Drainage  area,  1486  square  miles.] 


Month. 


I«r7. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

Novepiber 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


2,790 
18,022 
ll,fi06 
18.786 
7,660 
104387 
7,074 
3,861 
1.000 
7,812 
8,266 
8,266 


18,786 


Mini- 
mum. 


800 
970 
J19 
.967 
,694 
,628 
076 
,070 
790 
790 
845 
940 


790 


Mean. 


1,006 
4.111 
4,666 

4,196 
6,402 
5,126 
4,810 
1,961 
929 
1,244 
1,264 
1,621 


2,970 


Total  in 
acr^feet. 


68,090 
228.815 
280440 
249,800 
882,166 
806,020 
266,010 
119,960 


76,490 
76,215 
98,620 


2448,996 


Run-off. 


Depth  in 
inches. 


0.82 
2.99 
8.67 
8.26 
4.84 
8.96 
8.46 
1.67 
0.72 
1.00 
0.98 
1.22 


28.01 


Second-feet 

per  square 

mile. 


0.71 
2.87 
8.18 
2.98 
2.78 
8.67 
3.00 
1.86 
0.66 
0.87 
0.88 
1.06 


1.99 


Sec-feet 


2000 

1000 


vimiiiii  w 


FIO.  37.~DIAQRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  BROAD 
RIVER,  NEAR  QAFFNEY,  8.  C,  FOR  1897.     (U.  8.  Q.  S.) 


RATIVO-TaBLB  FOR  BROAD  RITBR  NEAR  GAFFNBT,  SOUTH  CaROUNA,  FOR  1898. 

[This  Uble  is  applicable  only  from  October  26, 1898,  to  December  81,  1896.] 


Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

Gauge 
Height. 

Discharge. 

Gauge 
height. 

Disch  arge 

Feet. 

1.6 
1.7 
1.8 
1.9 
2.0 

Sec.- feet. 

1,360 
1,460 
1,660 
1.650 
1,760 

Feet. 

2.2 
2.4 
2.6 

2.8 
3.0 

Sec-feet. 

2,000 
2,260 
2,560 
2,860 
8.150 

Feet. 

8.2 
8.4 
8.6 

8.8 
4.0 

Sec-feet. 

8,510 
3,950 
4.450 
4,975 
5,550 

Feet. 

4.2 
4.4 

Sec-feet. 

6,260 
7.060 

21 
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RESULTS   OF   STREAM   MEASUBEMENTS. 


BsTiMATBD  Monthly  Disoharob  op  Broad  bivrr  near  OArmBT,  South  Cabouva. 
[Drainage  area,  1486  square  mtles.] 


Month. 


189B. 

January  

February 

March 

April 

May  

June 

July 

August 

September 

October^ 

November 

December 

The  year 


Discharge  in  second-feet. 

Total  in 

Maxi- 

Mini- 

Mean. 

acre-feet. 

mum. 

mum. 

4.242 

802 

1308 

86,766 

3,699 

868 

1,477 

82,081 

6,941 

871 

1.811 

321? 

8,966 

994 

1,744 

108,776 

1,206 

869 

1,011 

62.164 

1.888 

760 

864 

61.411 

4,642 

782 

1,804 

86.716 

6,887 

890 

1.T21 

10^8^2 

21.806 

986 

8,707 

220,679 

8,000 

2,260 

2,741 

27490 

2.700 

1,750 

1.981 

118,814 

6,660 

1,460 

2,418 

148,682 

21,806 

760 

1,814 

1,172,668 

Bun-off. 


Depth  in 
inches. 


1.12 
1.07 
1.06 
1.86 
0.82 
0.67 
1.04 
1.87 
2.88 
0.48 
1.64 
1.94 


16.28 


Second-feet 
persQuare 


0.97 
1.08 
0.91 
1.21 
0.71 
0.60 
0.90 
1.19 
2.68 
1.91 
1.88 
1.68 


1.25 


Sec-feet 
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FIO.  38.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  BROAD 
RIVER  NEAR  GAFFNEY,  S.  C,  FOR  1898. 

A8HEVILI4E  STATION  ON  THB  FBENCH  BBOAD  BIVEB. 

The  French  Broad  river  rises  in  western  North  Carolina  and  flows 
northeasterly,  crossing  the  state  line  into  Tennessee,  where  it  flows  into 
the  Tennessee  river.  An  examination  was  made  from  about  Asheville 
down  to  the  state  line  to  determine  the  best  point  to  make  continuous 
measurements  of  discharge.  The  principal  points  examined  were  at  the 
bridges  at  Asheville,  at  Marshall,  22  miles  below,  and  at  Hot  Springs, 
16  miles  further  down. 


^  Six  days^  record. 


A8HEVILLE    STATION   ON    THE    FEENCH   BEGAD   BIVEB.  823 

At  Asheville  four  bridges  cross  the  river.  The  ugpermost  of  fliese 
is  located  just  below  the  mouth  of  Swannanoa  river,  about  1.6  miles 
above  the  city.  This  locality  would  be  desirable  for  making  measure- 
ments, but  for  the  fact  that  the  current  is  ponded  and  modified  on  the 
south  side  by  a  log  boom  directly  under  the  bridge.  The  river  has  a  brood 
bend  to  the  south  above  the  bridge,  tending  to  throw  the  greatest  velocity 
toward  the  north  shore  during  high  water.  This  place  can  be  reached 
from  town  by  electric  cars.  The  old  three-span  highway  bridge,  about 
one-fourth  mile  below  the  railway  station,  is  at  a  poor  section,  the  bottom 
being  rough  and  uneven.  The  railroad  four-pier  bridge  one-fourth 
of  a  mile  below  this  is  at  a  still  poorer  place,  and  crosses  the  river  diag- 
onally. The  Bingham  School  bridge,  1.5  miles  below  the  town,  offers 
the  best  opportunity  presented  by  any  one  of  the  four,  although  the  bed 
of  the  river  is  rough  and  rocky.  The  bridge  has  three  spans,  each  91 
feet  in  length.  The  two  piers  in  the  stream  are  cylindrical  columns, 
two  feet  in  diameter,  and  thus  offer  but  little  resistance  to  the  current. 
It  was  therefore  decided  to  locate  a  measuring  station  here  after  an 
inspection  of  the  river  as  far  down  as  Hot  Springs.  The  zero  of  the 
gauge-rod  here  is  opposite  the  east  edge  of  the  fifth  upright  of  the  first 
span  from  the  east  and  on  the  upper  side  of  the  bridge.  The  outer  rim 
of  the  pulley-wheel  is  3  feet  from  the  zero  of  the  gauge-rod,  and  from 
the  end  of  the  weight  to  the  pointer  on  the  wire  rope  is  26.03  feet 

On  September  3  Mr.  Babb  measured  the  French  Broad  at  Hot 
Springs,  N.  C,  38  miles  below  Asheville,  the  water  at  that  time  being 
22.80  feet  below  the  top  of  the  sixth  iron  support  in  the  foot-rail  on  the 
lower  side  of  the  bridge,  opposite  the  middle  member  of  the  first  truss 
from  the  railroad  side.  The  total  discharge  was  ascertained  to  be  1359 
second-feet.  On  the  same  day  a  measurement  was  made  at  Marshall, 
16  miles  above  Hot  Springs  and  22  miles  below  Asheville:  At  that 
time  the  water  surface  was  19.69  feet  below  the  upper  end  of  the  second 
floor  beam  of  the  second  span  from  the  north  side.  The  discharge  was 
computed  to  be  1490  second-feet.  The  section  at  this  place  is  poor,  the 
bottom  rough,  and  it  is  not  considered  that  the  results  obtained  at  this 
place  are  as  accurate  as  those  obtained  at  Hot  Springs. 

The  tables  of  daily  gauge  height  for  this  station  for  1896  and  1897 
will  be  found  in  Water  Supply  and  Irrigation  Papers  Nos.  11  and  15, 
published  by  the  U.  S.  Geological  Survey. 
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RESULTS   OF   STREAM   MEASUBEMENTS. 


List  of  Disoharob  Measubimknts  made  on  French  Bboad  bivbr  at  Asheville, 

North  Carolina. 


No. 

Date. 

1805. 

1 
2 

Sept.   2 
Sept.  17 

1896. 

8 

4 
5 
6 

Apr.  18 
June  19 
Aug.  16 
Sept.  19 

1807. 

7 
8 
9 

Aug.  18 
Oct.    U 
Oct.    27 

1898. 

10 
11 

Jan.   18 
Sept.    8 

Hydrographer. 


C.  C.  Babb. 
do 


E.  W.  Myers 
....do........ 

....do 

....do 


B.  W.  Myers 

....do 

A.P.  Dayls.. 


B.  W.  Myers  . 
....do 


Meter 
No. 

Gauge 
height 
(feet). 

Area  of 

section 

(square 

feet). 

Mean 
velocity 
(feet  per 
second). 

29 

29 

21 

21 

2154 

2164 

2154 

2154 

94 

2154 
9 

4.80 
8.22 

2.90 
8.42 
8.26 

2.50 

2.86 
2.84 
2.60 

2.75 
6.46 

660 
686 

688 

686 
648 
488 

681 
469 
484 

BOB 

1,089 

1.84 
1.72 

1.22 
2.18 
2.00 
1.58 

1.65 
1.72 
1.69 

1.82 
8.06 

Discharge 

(seoond- 

feet). 


U02 
1,006 


669 
1,496 
1.089 

694 


806 
784 


918 
8,882 


Rating-Table  for  French  Broad  river  at  Ashrvtllb,  North  Carolina. 

Gauge 
Height. 

Discharge. 
Sec-feet. 

Gauge 
Helglit. 

Discharge. 

Gauge 
height. 

Discharge. 

heig^. 
Feet. 

Discharge. 

Feet. 

Feet. 

Sec-feet. 

Feet. 

Sec-feet. 

Sec-feet. 

2.0 

620 

8.6 

1,580 

6.2 

8430 

6.8 

4,780 

2.1 

688 

1,680 

5.8 

8,280 

6.9 

4.880 

2.2 

646 

1,780 

5.4 

8,880 

7.0 

4,960 

2.8 

666 

1,880 

6.6 

8,480 

7.1 

6,080 

2.4 

686 

1,960 

5.6 

8,580 

7.2 

6J80 

2.6 

716 

2,080 

5.7 

8,680 

7.8 

6,280 

2.6 

746 

2.180 

6.8 

8,730 

7.4 

6J80 

2.7 

782 

2,280 

6.9 

8,880 

7.6 

6,480 

2.8 

820 

2,880 

6.0 

8,980 

7.6 

5K80 

2.9 
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6.1 

4,080 

7.7 

5.680 

8.0 
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2,680 

6.2 

4,180 

7.8 

6,780 

8.1 

1,080 

2,680 

6.8 

4,280 

7.9 

6,880 

8.2 

uao 

2,780 

6.4 

4.880 

8.0 

6,900 

8.8 
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2,880 

6.5 

4,480 
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FIQ.  39.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  FRENCH 
BROAD  RIVER,  AT  ASHEVILLE,  N.  C,  FOR  1895  AND  1896.     (U.  S.  0.  S.) 
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EsTiMATBD  Monthly  Duobarob  of  French  Broad  riykr  at  Asbbtillb, 

North  CAROiiiNA. 

[Dralnaflre  area,  987  square  milee.] 


Month. 


1806. 

September  17-80. . 

October 

November 

December 

1896. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1897. 

January 

February 

March 

April 

May 

June 

July 

Auffust 

September 

October 

November 

December 

The  year 

1898. 

January 

February 

March 

April 

May 

June 

July 

AugruBt. 

September 

October 

November 

December 

The  year 


Discharge  In  second- feet. 


Maxi- 
mum. 


1,180 

780 

1,280 

8,880 


4,480 
8.880 
1.680 
2480 
2.680 
1,880 
7.780 
1,180 
1,180 
762 
4.180 
8,780 


7,780 


2,880 
6.880 
6,180 
6,580 
6,080 
2,480 
1,680 
1,980 
762 
1,280 
1,780 
1,680 


6,880 


8,280 
1,460 
8,980 
2,680 
1.980 
2,480 
4,980 
6,580 
6.280 
6,280 
1,580 
8,480 


6.580 


Mini- 
mum. 


746 
710 
746 
746 


800 
1.180 
1,080 
880 
780 
746 
727 
710 
672 
686 
762 
846 


672 


780 

1.680 

1.680 

1,680 

1,180 

960 

800 

710 

672 

652 

662 

697 


662 


816 

810 

746 

908 

782 

716 

676 

1.680 

1.880 

1,280 

940 

875 


675 


I  Total  in 
Mean.     «cre-feet. 


828 

782 

844 

1464 


1,489 

1,788 

1,227 

1,092 

1,068 

922 

2491 

866 

772 

705 

1,684 

1,281 


1;M4 


1,164 
2,709 

2.607 

1,920 

1,410 

1487 

908 

696 

792 

841 

960 


1,618 


1/HT 
1.57fl 
1,W5 

i,nni 

2,W15 
t!,3L'7 
2,Wil 
l4ttT 


1,676 


22,864 
46,009 
60J221 
70.966 


88,481 
99,684 
88,944 
64,978 
66,862 
64,868 
184,719 
68.248 
46,987 
48,848 
97.280 
78,766 


866,769 


71.570 

145,460 

186.680 

166,190 

118,066 

88,900 

72,986 

55,880 

41.586 

48,696 

60,040 

58,412 


U 


82.886 
68,704 
64,877 
93.779 
67,829 
60.694 
124.424 
179^1 
188,467 
181.454 
71,222 
108  425 


1,221,001 


Run- off. 


Depth  in 
Inches. 


0.48 
0.86 
0.94 
1.86 


8.57 

1.68 
1.90 
0.74 
1.24 
1.26 
1.08 
2.66 
1.01 
0.87 
0.82 
1.86 
1.60 


16.46 


1.86 
2.86 
8.66 
2.04 
2.26 
1.60 
1.88 
1.06 
0.79 
0.92 
0.94 
1.10 


20.76 


1.57 
1.02 
1.22 
1.77 
1.28 
1.16 
2.88 
8.40 
2.68 
8.44 
1.86 
1.96 


28.12 


Second -feet 

per  square 

mile. 


0.88 
0.74 
0.85 
1.17 


0.80 

1.46 
1.76 
1.24 
1.11 
1.08 
1.96 
2.22 
0.88 
0.78 
0.71 
1.06 
1.80 


1.86 


1.18 
2.74 
8.08 
2.64 
1.96 
1.48 
1.20 
0.92 
0.71 
0.80 
0.85 
0.96 


1.54 


1.86 
0.96 
1.06 
1.69 
1.11 
1.08 
2.02 
2.96 
2.86 
2.99 
1.21 
1.70 


1.70 


826 


Sec- feet 
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FIG.  40.— DIAGRAM   OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  FRENCH 
BROAD  RIVER,  AT  ASHEViLLE,  N.  C,  FOR  1897.    (U.  S.  G.  S.) 
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FIG.  41.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF   THE  FRENCH 
BROAD  RIVER,  AT  ASHEVILLE,  N.  C,  FOR  1898. 

GOVEBNOB'8  ISLAND  STATION  ON  THE  TTXCKASEEGBB  SIVSB  (NOW 
BBYSON  CITY  STATION). 

This  station  was  located  on  the  Southern  railway  bridge  about  three 
miles  above  Bryson  City  and  just  below  Governor's  Island  P.  O.,  and 
\<^as  established  June  26,  1896.  The  zero  of  the  gauge-rod  was  20  feet 
from  the  end  of  the  second  span  from  the  south  end  of  the  bridge.     The 
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outer  rim  of  the  pulley-wheel  was  one  foot  from  the  zero  of  the  gauge- 
rod,  and  from  the  end  of  the  weight  to  the  pointer  on  the  wire  was 
26.75  feet,  the  gauge  reading  zero  when  the  weight  touched  bottom.  The 
bottom  is  rocky  and  not  subject  to  change,  and  the  banks  are  high,  but 
the  section  is  not  a  good  one  as  there  are  two  bad  pier  obstructions  and 
the  bridge  is  across  a  bend  in  the  river,  the  greater  part  of  the  current 
being  thrown  toward  the  west  bank.  The  discharge  measurements  are 
not.  sufficiently  comprehensive  to  justify  the  construction  of  a  rating 
table  for  this  station,  which  was  abandoned  March  25,  18&7. 

On  November  7,  1897,  a  new  station  was  established  on  the  highway 
bridge  across  this  river,  in  the  town  of  Bryson  City.  The  bottom  here 
is  muddy  and  the  water  sluggish.  The  gauge-rod  is  of  wood,  well  painted 
and  is  spiked  and  bolted  by  drift  bolts  to  the  down-stream  side  of  the 
north  pier.  The  gauge  is  read  from  the  bridge.  The  initial  point  for 
soundings  is  the  south  end,  up-stream  hand-rail.  The  observer  is  H.  H. 
Welch. 

List  of  Disoharoe  Measuhembnts  made  on  the  Tuokasbegeb  at  Brybon  Gitt, 

North  Caroltbta. 


No. 


Date. 

1897 
Oct.   f» 

1896 

Jm.  19 
Jan.  20 
Sept.  8 
Sept.  4 
Sept.  6 
Sept.  5 

Hydroffrapher. 


A.  P.  Davis. 


B.  W.  Myers  . 

.do 

.do 

.do 

do 

.do 


Meter 
No. 


94 


8154 
2154 
9 
9 
9 
9 


Oauffe 
height 

(feet). 


1.00 


2.20 
8.80 
6.96 
8.92 
5.00 
4.50 


Area  of 

•eotlon 

(square 

feet). 


518 


1217 
1896 
2420 
1848 
1914 
1615 


Mean 
velocity 
(feet  per 
second). 


0.88 


1.78 
2.64 
7.88 
3.40 
6.15 
5.56 


Discharge 
(second- 
feet). 


168 


2,175 

8«096 
18,960 

6,069 
11,777 

9,066 


Ratino-Tablb  for  Tuokasbbobe  river  at  Bryson  City,  North  Carolina. 


Oauffe 
helffht. 


Feet. 

1.0 
1.1 
1.2 
1.8 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.8 
2.4 
2.5 
2.6 
2.7 


Gauge 

height. 

8eo.-feet. 

Feet. 

168 

2.8 

284 

2.9 

400 

8.0 

586 

8.1 

670 

8.2 

810 

8.8 

960 

8.4 

1,100 

8.5 

1,250 

8.6 

1,400 

8.7 

1,560 

8.8 

1,710 

3.0 

1,870 

4.0 

2.086 

4.1 

2,200 

4.2 

2,875 

4.3 

2,660 

4.4 

2,726 

4.5 

Discharge. 

Gauge 
height. 

Sec-feet. 

Feet. 

2,900 

4-6 

3,075 

4.7 

3,260 

4.8 

8,425 

4.9 

3,600 

5.0 

8,825 

5.1 

4,060 

6.2 

4,425 

5.3 

4,800 

5.4 

5,175 

5.5 

5,550 

5.6 

5,060 

5.7 

6,860 

5.8 

6,750 

5.9 

7450 

6.0 

7,575 

6.1 

8,000 

6.2 

8,425 

6.8 

Discharge. 

Gauge 
height. 

Sec.-feet. 

Feet. 

8,860 

6.4 

9J875 

6.5 

9,700 

6.6 

10,125 

6.7 

10,560 

6.8 

10,975 

6.9 

11,400 

7.0 

11,826 

7.1 

12,260 

7.2 

12,675 

7.8 

13,100 

7.4 

18JK35 

7.5 

18.960 

7.6 

14.875 

7.7 

14,800 

7.8 

15,226 

7.9 

15,660 

8.0 

16,075 

Discharge. 

oec.**xeet* 

16,500 
16,925 
17,860 
17,775 
18,200 
18,625 
10,060 
19,600 
19,950 
20,400 
20,860 
21,800 
21,760 
22,200 
22,660 
28,100 
28,560 
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BESULTS    OF   STREAM    MEA8UBBMENT8. 


List  of  Disoharoe  Measurbmeicts  made  on  Tuokasbeoee  riter,  at  Ooyernor*8  Isuind 

North  Carolina. 


No. 


Date. 


1806 

June  22 
June  26 
Aufr.  12 
Sept.  21 


Hydrographer. 


B.  W.  Myers 
....do...  .... 

....do.... 

....do 


Meter 
No. 


21 

21 

2164 

2164 


Qauffe 
beiffht 
(feet). 


2.26 
2.42 

1.84 


Area  of 

section 

(square 

feet). 


1100 
272 
207 


Mean 
velocity 
(feet  per 
seoond). 


0.81 
8.0B 
8.90 
2.48 


Dtsctaarflre 
(second- 
feet). 


800 
668 


^  Measurement  made  at  Bryson  City. 


BSTIM ATBD  DISCHAROB  OF  THB  TUOKASBBOBB  AT  BRYSON  CITT,  NORTH  CAROLINA. 

[Drainage  area,  680  square  miles.] 


Discharge  in  second-feet. 

Total  in 
acre-feet. 

Kun-off. 

Month. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  In 
inches. 

Second-feet 

per  square 

mile. 

1807. 
November 

670 
4,060 

8,486 

1.826 

17,776 

3,426 

1,660 

1,400 

4,426 

22.660 

26,800 

21,760 

2,876 

8.076 

168 
884 

400 

608 

686 

1,476 

810 

468 

686 

1,280 

1,100 

1,100 

1,260 

OGO 

240 
041 

1,866 
898 
1,986 
8,107 
1.128 
648 
1,114 
8,027 
8,868 
8,826 
1,768 
1,888 

14,280 
61,860 

114,668 

40,606 

110,042 

126360 

00,068 

88,260 

08,440 

180,080 

280,160 

286,848 

104,001 

118,010 

0.48 
1.78 

8.41 
1.48 
8.68 
«.78 
8.06 
1.17 
8.04 
6.64 
0.86 
7.01 
8.18 
8.86 

0.88 

December  r  - ,  t ,.--.,  r ,.,.  r 

1.60 

1808. 
January 

8.00 

Februarv 

1.42 

March  

8.06 

April 

8.86 

May 

1.78 

June 

1.02    . 

July 

1.77 

August 

4.81 

RAf^^AinKA]* 

0.14 

October 

0.08 

November t t r 

2.80 

December. 

8.08 

The  year 
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648 

2,000 

1,468,887 

48.88 
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FIG.  42.— DIAGRAM  OF  THE   DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE   TUCKA- 
SEEGEE  RIVER,  AT  BRYSON  CITY,  N.  C,  FOR  1898. 
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JUBSOV  STATION  ON  THB  UTTLB  TENNBBBSB  BIVSK. 

This  station  is  located  on  the  Southern  railway  bridge,  about  one- 
fourth  of  a  mile  below  Judson  and  above  the  mouth  of  Sawyer  branch. 
The  zero  of  the  gauge-rod  is  25  feet  west  of  the  east  end  of  the  second 
span  from  the  east.  The  outer  rim  of  the  pulley-wheel  is  2  feet  from 
the  zero  of  the  gauge-rod,  and  the  distance  from  the  end  of  the  weight 
to  the  pointer  on  the  wire  is  26.25  feet  The  gauge  reads  zero  when  the 
weight  touches  the  bottom  of  the  river.  On  the  west  side  of  the  stream 
the  bottom  is  rocky  and  very  rough;  on  the  east  side  sandy,  and  the 
current  is  very  swift.  The  river  is  straight  for  several  hundred  yards 
above  and  below  the  station.  The  section  is  not  a  veiy  good  one  as 
there  are  two  bad  pier  obstructions.  The  observer  is  K.  C.  Sawyer, 
Judson,  N.  0. 

The  tables  of  daily  gauge  height  for  this  station  for  1896  and  1897 
will  be  found  in  Water  Supply  and  Irrigation  Papers  Nos.  11  and  15, 
published  by  the  IT.  S.  Geological  Survey. 

List  of  Disoharos  MBAguRSMSNTS  MADE  ON  LiTTLB  Tenkessbb  riysb  at  Judson, 

NOBTH  CAROIilNA. 


No. 

Date. 

iwe. 

1 
2 

June  26 
Sept.  28 

1897. 

8 

4 
6 

Aug.Zl 
Oot?  18 
Got.   28 

1888. 

6 

Sept.   8 

Hydrographer. 


B.  W.  Myers 
....do 

B.  W.  Myers 

....do 

A.  p.  Davis. 

B.  W.  Myers 


Meter 
No. 


21 
2164 


21A4 

2164 

94 


Oauge 
height 

(feet). 


2.78 
8.00 


8.21 
2.76 
2.44 


7.80 


Area  of 
section 
(square 

feet). 


846 


278 
247 
207 


920 


Mean 
velocity 
(feet  per 
second). 


2.09 
2.71 


2.78 
2.88 
2.77 


10.87 


Discharge 
(second- 
feet). 


929 

776 


771 
701 
448 


9.821 


Ratzng-Tabub 

rOB'  LiTTliB  Tbnnbssbb 

BITBB  AT  . 

Judson,  Nobth  Cabolina. 

Gauge 
heigCt. 

Discharge. 

Gauge 
height. 

Discharge. 

helgfit. 

Discharge. 
Sec-feet. 

Gauge 
height. 

Discharge. 

Feet. 

8ec.-feet, 

Feet. 

Sec-feet. 

Feet. 

Feet. 

Sec-feet 

2.0 

226 

4.0 

2,860 

8.0 

6,780 

8.4 

18,700 

2.1 

260 

4.1 

2,886 

8.1 

8,996 

8.8 

14,476 

2.2 

800 

4.2 

8.080 

8.2 

74M0 

8.8 

16,276 

2.8 

870 

4.8 

8,206 

6.8 

7,486 

9.0 

16,100 

2.4 

446 

4.4 

8,800 

6.4 

7,780 

9.2 

18,960 

2.6 

626 

4.6 

8,676 

6.6 

7,976 

9.4 

17,888 

2.6 

610 

4.6 

8,770 

8.6 

8,240 

9.8 

18,726 

2.7 

706 

4.7 

8,966 

8.7 

8,606 

9.8 

U5S 

2.8 

806 

4.8 

4,100 

8.8 

8,770 

10.0 

20,000 

2.9 

986 

4.9 

4^866 

6.9 

9.086 

10.2 

21,800 

8.0 

1.000 

6.0 

4,660 

7.0 

9,800 

10.4 

22,800 

8.1 

i;»6 

6.1 

4.700 

7.1 

9,680 

10.8 

28,800 

8.2 

1.800 

6.2 

4,970 

7.2 

9880 

10.8 

24,000 

•      2« 

1,616 

6.8 

6480 

7.8 

10,140 

11.0 

25»«0 

8.4 

1,670 

6.4 

6,890 

7.4 

10,480 

11.2 

26.800 

8.6 

1,826 

6.6 

6,000 

7.6 

10,700 

11.4 

27.800 

8.8 

1,980 

6.8 

6,880 

7.6 

11,010 

11.6 

28,000 

8.7 

2,166 

6.7 

6,000 

7.8 

u,aoo 

11.8 

20,000 

8.8 

2,820 

6.8 

8>80 

8.0 

12,276 

12.0 

80,000 

8.9 

2,488 

6.9 

6,620 

8.2 

12.976 

.... 
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BSTIMATBD  DlBOBABOS  OF  THS  LXTTUB  TSHHMSBS  Rim^  AT  JUDSOH,  NOBTH  CAROLJKA 

[  nralDAge  area,  788  tquare  mllet.1 


Month. 


laea. 

July 

August 

September 

October 

November 

I>eoember 

1887. 

January  

February 

March 

AprU 

May 

June 

July 

August 

September 

October 

November 

December 


Discharge  lo  seoo 

Maxi- 

Mini- 

mum. 

mum. 

14,806 

706 

?,40B 

726 

1,615 

S90 

1;M6 

660 

ii^aoo 

886 

ii«doo 

1,689 

4.190 

1,670 

14,186 

1,862 

lft,l«6 

1,875 

11,990 

1^8 

4,991 

1,889 

4,160 

999 

4.9TO 

1,615 

2,866 

775 

9S6 

39S 

8,728 

834 

U16 

480 

8,751 

666 

Mean. 


8,614 
1,286 
696 
684 
2,861 
8,542 


2,890 
4,575 
7,780 
4,866 
2.449 
1.968 
2376 
1,640 

n9 

829 
792 


Total  in 
acre-feet. 


222,218 
76.468 
41,286 
42,067 
189,886 
217,797 


146,061 
264,084 
447,027 
260.788 
160Ji87 
117400 
146,222 
100,849 
42,788 
60,y78 
47,127 
96,966 


Run-off. 


Depth  in 
inches. 


6.08 
2.01 
1.04 
1.06 
8.64 
6.58 


19.21 

8.78 
6.44 

12.18 
6.58 
8.88 
2.94 

8.n 

2.66 
1.08 
1.29 
1.10 
2.88 


47.01 


Beoond-feet 

per  square 

mile. 


4.89 
1.74 
0.04 
0.9B 
8.18 
4.80 


2.74 

8.24 
6.10 
10.51 
5.00 
3.32 
2.64 
3.22 
2.2S 
0.07 
1.12 
1.07 
2.07 


8.54 
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FIQ.  43.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  LITTLE 
TENNESSEE  RIVER,  AT  JUDSON,  N.  C,  FOR  1897. 

BSTIM ATBD  DiBGHAROS  Or  THE  LlTTLS  TRNNBSSSB  RITBR,  AT  JUDBOR,  NORTH  CAROLIHA. 

I  Draina<ge  area,  788  square  miles.] 


Month. 


1808. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


5.784 

1,220 

18.160 

6,244 

3,075 

786 

8,707 

22,600 

80,250 

45,600 

8,750 

4,548 


45.600 


Mini- 
mum. 


686 

870 

870 

1,060 

800 

800 

265 

1,586 

1,701 

1,782 

2,800 

1,825 


Mean. 


1405 
760 
1,781 
2,411 
1,882 
568 
1,260 
6,886 
5,187 
6,008 
2,902 
2,184 


2,695 


Total  in 
acre-feet. 


01,026 

42,162 

100,611 

148,464 

115,722 

88,600 

76,802 

858,848 

808.646 

874,648 

172,678 

184.186 


1,066,082 


Run-off. 


Depth  in 
inches. 


2.88 
1.07 
2.78 
8.68 
8.04 
0.84 
1.05 
0.10 
7.88 
0.51 
4.88 
2.41 


48.87 


8eoond-feet 

per  square 

mile. 


2.02 
1.06 
2.41 
3.28 
2.56 
0.76 
1.60 
7.00 
7.02 
8.25 
8.96 
2.06 


8.66 


MUBPHY   STATION   ON   THE   HIWA88EE    BIYEB. 
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FIQ.  44.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  LITTLE 
TENNESSEE  RIVER,  AT  JUDSON,  N.  C,  FOR  1898. 


MTJBPHY  STATION  ON  THE  HIWAfiSEE  BIVEB. 

This  station  is  located  on  the  highway  bridge  crossing  the  river  at 
Murphy,  North  Carolina,  one-half  mile  above  the  mouth  of  Valley 
river.  The  zero  of  the  gauge-rod  is  8  feet  north  of  the  center  of  the 
second  full-length  compression  member  from  the  north  end  of  the 
bridge  and  on  the  down-stream  side.  The  outer  rim  of  the  pulley- 
wheel  is  2  feet  from  the  zero  of  the  rod,  and  the  distance  from  the  end 
of  the  weight  to  the  marker  on  the  wire  is  29.1  feet.  The  reading  of 
the  gauge  is  zero  when  the  weight  touches  the  bottom  of  the  stream.  The 
section  here  is  a  good  one,  though  somewhat  obstructed  by  the  remains 
of  two  old  piers  directly  under  the  present  bridge.  The  course  of  the 
river  is  straight  for  several  hundred  yards  above  and  below  the  station 
and  the  current  is  fairly  rapid.  The  bottom  is  hard  and  rocky  and  is 
not  subject  to  any  decided  change  by  high  water  and  the  banks  are 
high. 

During  1897  the  wire  gauge  was  twice  cut  and  was  replaced  each  time 
according  to  the  figures  for  the  elevation  of  the  bench  mark.  On  the 
final  replacing,  October  20,  1897,  it  was  discovered  that  there  was  a 
difference  of  a  foot  between  the  old  and  the  new  data.  At  the  time 
of  the  establishment  of  the  station  a  tape  was  used  which  was  broken 
at  about  the  1-foot  mark,  and  it  is  thought  that  the  allowance  of  this 
amount  was  not  made  in  reporting  the  elevation  of  the  bench  mark. 
The  discharges  for  1896  and  till  October,  1897,  are  calculated  on  this 
supposition,  and  there  is  liability  to  error  for  the  higher  stages  of  flow, 
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as  no  extreme  flood  height  gaugings  have  been  made.     These  figures  are 
then  to  be  taken  as  only  an  approximation. 

The  tables  of  daily  gauge  height  for  this  station  for  1896  and  1897 
will  be  found  in  Water  Supply  and  Irrigation  Papers  Nos.  11  and  15, 
published  by  the  U.  S.  Geological  Survey. 


List  of  Dibcbaros  Mbasursmrnts  mads  oh  HiwASsn  rivsr  at  Murpht, 
North  Carolina 


No. 


Date. 


1800. 

June  28 
Aug.  10 
Sept.  22 

1807. 

Aug.  20 
Oot.  14 
Oct.  20 

1898. 

Jan.  21 
Sept.  8 


Hydrographer. 


B.  W.  Myen 
....do........ 

....do 

B.  W.  Myen 

....do 

A.P.  DaviB.. 

B.  W.  Myers 
....do 


Meter 
No. 


21 
2154 
2164 


2154 

2154 

04 


2164 
0 


Oauge 
height 

(feet). 


8.82 
8.0.1 
4.01 


6.28 
4.76 
4.71 


6.05 
6.80 


Area  of 

Beotion 

(iquare 

feet). 


811 
278 
868 


808 
264 

277 


400 
684 


Mean 
velocity 
(feet  per 
ieoond). 


1.17 
1.87 
1.46 


1.71 
1.01 

o.n 


2.61 
2.06 


Discharge 
(second- 
feet). 


866 

882 

617 


267 
268 


1,170 
1.680 


BATINO-TABLI  VOR  HXWA88IE  RIYER  AT  MURPHT,  N.  C,  TROM  JULT,  1896,  TO  AUOUBT,   1897. 


Gauge 
height. 


8.4 
8.6 
8.6 
8.7 
8.8 
8.9 
4.0 
4.1 


Discharge. 

height. 

Sec-feet. 

Feet. 

'  136 

4.2 

175 

4.8 

216 

4.4 

200 

4.5 

810 

4.6 

860 

4.7 

415 

4.8 

475 

4.9 

Discharge. 

Gauge 
height. 

Sec-feet. 

Feet. 

540 

6.0 

605 

6.1 

675 

5.2 

745 

5.8 

820 

6.4 

805 

5.5 

970 

5.6 

1,060 

5.7 

Discharge. 

Gauge 
height. 

Sec-feet. 

Feet. 

1480 

5.8 

1,210 

5.9 

1,290 

6.0 

1,870 

7.0 

1,460 

8.0 

1,585 

9.0 

1.620 

10.0 

1,706 

Discharge. 

Sec-feet. 

1,790 
1.875 
1,960 
2,810 
8,660 
4,510 
5,510 


Bating-Table  for  Hiwassbb  riybr  AT  Murpht,  North  Carolina. 
[Applicable  from  October  20, 1897,  to  December  81, 1898.] 


Gauge 
height. 

Discharge. 

Gauge 
height. 

Discharge. 

height. 

Feet. 

6.2 
6.8 
6.4 
6.5 
6.6 
6.7 
6.8 
6.9 

Discharge. 

Sec-feet. 

1^ 
1,680 
1,620 
1,720 
1,820 
i:920 
2,090 

Gauflre 
height. 

Discharge. 

Feet. 

4.6 
4.7 
4.8 
4.9 
6.0 
5.1 
5.2 
5.8 

Sec-feet. 

225 
260 
280 
815 
850 
400 
460 
510 

Feet. 

6!o 
6.1 

Sec-feet. 

670 

640 

720 

820 

920 
1.020 
1,120 
1,220 

Feet. 

7.0 
7.1 
7.2 
7.8 
7.4 
7.6 

Sec-feet« 

2,120 
2.220 
2,820 
2,420 
2,620 
2.620 

^  Meter  damaged. 
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BSnifATSO  MOlfTHLT  DiSOHAROR  OF  HlWASRBS  BIVBR  AT  MUBPHT,  NOBTH  CAROLINA. 

[Drainage  area,  410  square  mllea.] 


Month. 


July*... 

Auinist 

September . 

Ootober 

November  ^ 
December . . 


1806. 


January . . 
February*  .. 

March* 

April* 

May 

June 

July* 

August* 

September*. 
October*.... 
November... 
December . . . 
The  year  — 


1807. 


Discharge  in  second-feet.  | 

Biaxi- 

Mini- 

Mean. 

mum. 

mum. 

8,848 

200 

702 

481 

288 

820 

640 

190 

241* 

800 

170 

287 

8,188 

208 

646 

1,290 

860 

600 

1,210 

860 

666 

2,727 

488 

1.092 

4,610 

745 

1.824 

8,820 

880 

1,828 

1,180 

640 

688 

605 

416 

464 

8,S10 

885 

818 

640 

475 

666 

850 

287 

268 

670 

816 

842 

2,470 

860 

787 

8.610 

287 

788 

Total  in 
acre- feet. 


48,799 
19,700 
14,889 
14,607 
88,487 
80,706 

84JB44 
60,660 
112,840 
79,116 
42,066 
27,608 
49,901 
7,616 


6,880 
20,860 
45,816 


616,776 


Run-off. 


Depth  in 
inches. 


2.22 
0.90 
0.66 
0.68 
1.76 
1.41 


7.67 
1.66 
2.77 
6.18 
8.61 
1.91 
1.26 
2.28 
0.28 


0.20 
0.02 
2.06 


22.07 


Second  feet 

per  square 

mile. 


1.08 
U.78 
0.50 
0.66 
1.68 
1.22 


1.11 
1.86 
2.66 
4.46 
8.24 
1.66 
1.18 
1.08 
1.86 


0.66 
0.88 
1.80 


1.02 


EsTiMATSD  Monthly  Disoharob  of  Hiwassbb  rivbr  at  Murpht,  North  Carolina. 
[Drainage  area,  410  square  miles.] 


Month. 


January  .... 
February . . 

Biarch 

April 

May 

June 

July 

August 

September. 
October  .... 
November . 
December . . 
The  year.... 


1808. 


Discharge  in  second-feet.  | 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

2,820 

400 

800 

720 

462 

648 

6,220 

460 

806 

8,870 

770 

1,281 

020 

400 

612 

640 

882 

406 

1,820 

816 

681 

6,980 

720 

1,712 

18,580 

720 

1,076 

10,060 

640 

1,948 

1,820 

840 

1,086 

1,220 

820 

980 

18,580 

315 

1,081 

Total  in 
acre-feet. 


56,277 
80,167 
56,081 
77,226 
87,608 
24,160 
88,709 
105,268 
117,676 
119,780 
64,617 
60.258 
785,"»40 


Kun-olf. 


Depth  in 
inches. 


2.68 
1.87 
2.62 
8.48 
1.72 
1.10 
1.78 
4.80 
6.41 
6.47 
2.94 
2.75 


36.87 


Second-feet 

per  square 

mile. 


2.19 
1.82 
2.18 
8.12 
1.49 
0.99 
1.64 
4.17 
4.82 
4.75 
2.64 
2.39 


2.63 


Sec-feet 

JAN. 
10  20 

FEB. 

10  20 

MAR. 

10  20 

APRIL 
10  20 

MAY 

10   20 

JUNE 
10  20 

JULY 
10   20 

AUG. 
10  20 

8EPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

10  20    1 

6000 

tooo 

2000 

- 

- 

-- 

1 
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1000 
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L 
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FIQ.  45.-DIAQRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  HiWASSEE 
RIVER,  AT  MURPHY,  N.  C,  FOR  1897. 


^  Maximum  estimated. 


■  7  days'  record.  ■  No  record. 


» 12  days'  record. 
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FIQ.  46.— DIAGRAM  OF  THE  DAILY  MEAN  DISCHARGE  IN  CUBIC  FEET  PER  SECOND  OF  THE  HIWAS8EE 
RIVER,  AT  MwRPHY,  N.  C,  FOR  1898. 


PART  V 

ELECTRIC  POWER  TRANSMISSION 

By  J.  W.  GoKE 


ELECTRIC  POWER  TRANSMISSION. 


CHAPTER  XVI. 

ELECTKIC  POWEK  TKANSMISSION/ 

A  question  of  great  importance  with  every  manufacturing  enterprise 
is  the  cost  of  power,  since,  in  many  such  industries,  labor  constitutes  the 
largest  item  in  the  cost  of  the  products,  and  in  none  is  it  to  be  disre- 
garded. 

SOTJBCES   or  £NEBaY  FOB  OVEiBATlNQ  MACHINEBY. 

The  sources  of  energy  upon  which  man  relies  for  operating  machinery 
and  doing  useful  work  are  few:  fuel,  waterpower,  wind,  solar  radiation. 
We  are  practically  limited  to  the  first  two,  fuel  and  waterpower.  The 
wind  is  used  to  a  very  limited  extent,  as  it  is  too  uncertain  and  inter- 
mittent to  meet  the  usual  requirements  of  a  source  of  power,  and, 
though  solar  radiation  furnishes  an  enormous  amount  of  energy,  yet, 
as  a  source  of  power  for  directly  operating  machines,  it  remains  practi- 
cally unused. 

Sometimes  one  or  the  other  of  the  two  available  forms  of  energy  is 
to  be  found  at  or  near  the  raw  material,  yet  more  frequently  the  mate- 
rial has  to  be  transported  to  the  power  or  the  power  transmitted  to  the 
material.  The  location  of  many  of  our  manufacturing  towns  has  been 
decided  by  desirable  and  ample  waterpowers  or  the  abundance  and 
cheapness  of  fuel,  without  reference  to  the  nearness  of  the  raw  mate^ 
rials  or  the  markets  for  the  finished  products.  But  as  the  item  of  cost 
of  labor  lessens  by  improvements  in  machinery  and  methods  of  manu- 
facture, the  item  of  cost  of  transportation  constitutes  a  larger  per  cent, 
of  the  cost  of  the  finished  product;  hence  the  question  of  conveying  the 
power  to  the  material  or  conveying  both  power  and  material  to  some 
advantageous  point  grows  in  importance. 

DIFFEBENT  MEANS  OF  TBANSmTTINQ  POWEB. 

The  means  employed  for  conveying  or  transmitting  power  for  dis- 
tances exceeding  a  few  hundred  feet,  other  than  by  hauling  fuel,  are: 
cables,  compressed  air,  hydraulic  pressure  and  electricity. 

The  hydraulic  system  of  transmitting  power  is  limited  to  a  special 

*  By  J.  W.  Gore,  Profegsor  of  Physics,  University  of  North  Carolina. 
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class  of  work  under  favorable  circumstances,  and  hence  need  not  here 
be  compared  with  the  other  methods  of  power  transmission. 

In  a  recent  book,  "  Electric  Power  Transmission,"  by  Dr.  Louis  Bell, 
the  three  systems  of  power  transmission — rope,  pneumatic  and  electric — 
are  compared.  He  assumes  that  100  horsepower  is  developed  by  a  steam 
plant,  then  transmitted  two  miles  and  delivered  as  a  unit  by  each  of 
these  systems,  the  conditions  under  which  they  are  operated  being 
such  as  may  be  found  in  the  practical  working  of  the  respective  systems. 
The  following  table  gives  the  data  needed  for  a  comparison.  Under 
the  head  of  operating  expenses  are  included  attendance,  maintenance 
and  interest  on  the  money  invested: 

CoBt  per  "» 

horsepower; 

System.  Effioienoy.  Total  cost.  OperatinK  expense,      per  year. ^ 

Rope ,.  675^  $92,000  $38,500  $49.00 

Pneumatic    54  82,000  26,000  48.00 

Electric 78  84,000  27,000  38.00 

The  great  difference  in  cost  of  the  power  delivered  in  favor  of  elec- 
tric transmission  would  be  increased  had  a  higher  efficiency  been 
assigned  the  electrical  equipment — an  efficiency  of  80  to  85  per  cent 
being  now  commonly  attained;  and,  also,  if  a  comparison  were  made 
when  the  systems  were  operating  at  less  than  full  load. 

Had  the  distance  of  transmission  been  limited  to  one  mile  the  prob- 
ability is  that  the  rope  and  the  electric  systems  would  have  delivered 
the  power  at  practically  the  same  cost. 

Both  the  pneumatic  and  electric  systems  have  the  advantage  over 
rope  transmission  when  the  power  is  to  be  divided  into  several  units 
instead  of  being  delivered  as  one  unit. 

DSVSLOPKBNT  OF  BLEGTBIC  POWEB  TBANSHIBSIOir. 

Electric  power  transmission  had  its  commercial  beginning  in  1887 
with  the  introduction  of  Morse's  system  of  telegraphy,  the  amount  of 
energy  transmitted  being  small  and  the  cost  quite  high,  but  it  haa  only 
been  since  the  invention  of  the  jnodem  machines  for  generating  elec- 
tricity in  large  quantities,  and  so  much  more  cheaply  than  by  the  use 
of  primary  batteries,  that  the  use  of  this  form  of  power  and  its  trans- 
mission have  become  such  important  factors  in  the  commercial  world. 

It  is  to  street-car  traction  and  lighting,  two  demands  for  energy  in 
which  the  margins  of  profit  are  sufficiently  wide  to  assure  capital  of  a 
fair  return  on  investment,  that  we  are  mainly  indebted  for  the  stim- 
ulus to  the  inventors  and  manufacturers  of  generators  and  motors, 
together  with  their  various  accessories,  which  has  resulted  in  so  brief 
a  time  in  producing  the  highly  efficient  electrical  machinery  in  operation 
to-dav. 
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In  the  lighting  industry  the  generator  has  proven  its  reliability  and 
durability;  the  regulation  and  distribution  of  the  current  is  completely 
solved,  and  the  great  rapidity  with  which  the  electric  system  of  lighting 
has  been  extending  is  ample  proof  of  efficiency  and  economy. 

The  successful  application  of  motors  to  the  severe  and  varying 
requirements  of  the  motive  power  for  street  cars  demonstrates  their 
ability  to  endure  rough  treatment,  and  the  readiness  with  which  they 
can  respond  to  the  changing  demands  for  power. 

DISTBIBTTTION'  OF  POWEB  IN  THE  FAOTOBY.      ELECTBICITY  COM- 
PABEB  WITH  SHAI'TS  AND  BEI/TS. 

In  manufacturing  plants  of  any  size,  power  is  needed  at  several  more 
or  less  widely  separated  points,  and  as  it  is  more  economical  to  generate 
the  power  in  large  units  than  in  several  small  ones,  it  becomes  necessary 
to  transmit  the  power  from  the  place  where  it  is  generated  to  the  sev- 
eral, points  where  it  is  to  be  employed. 

This  distribution  of  power  through  the  mill  or  factory  is  usually 
accomplished  by  shafts  and  belts. 

Without  considering  the  cost  of  shafts  and  belts,  the  troubles  that 
arise  when  shafts  get  out  of  alignment,  or  the  annoyance  of  slipping 
belts,  the  dust  they  stir  up  and  the  room  they  occupy,  we  may  briefly 
consider  the  efficiency  of  distributing  power  by  shafts  and  belts,  and 
compare  with  it  the  efficiency  of  power<listribution  by  electricity. 

The  loss  of  power  when  transmitted  by  shafts  depends  upon  several 
conditions  besides  accuracy  of  the  construction  of  the  line  of  shafting; 
such  as  distance,  size  of  the  units  of  power  delivered  at  the  several 
points,  whether  the  line  is  straight  or  is  angular,  etc. 

From  the  most  reliable  sources  we  learn  that  it  is  exceptional  to  find 
the  loss  of  power  at  full  load  to  be  as  small  as  25  per  cent,  in  its  trans- 
mission by  shafts  from  engine  to  driven  machine,  and  that  from  30  to 
60  per  cent,  is  the  more  usual  loss.  At  half  load  and  less,  as  much  as 
75  to  80  per  cent,  may  be  lost  in  transmission. 

Should  the  power  be  transformed  into  electricity  by  a  direct-con- 
nected generator  of  moderately  large  size,  distributed  by  conducting 
wires  of  proper  size  to  motors  ranging  in  size  from  5  to  15  horsepower 
the  efficiency  would  be  about  78.6  per  cent.,  since  the  efficiency  of  the 
generator  would  be  92  per  cent.,  the  line  97  per  cent.,  and  the  motors 
would  have  an  average  efficiency  of  about  87  per  cent  Even  at  half 
load  or  less  the  efficiency  of  the  electric-motor  system  would  probably 
not  fall  below  70  per  cent. 

In  large  plants  the  difference  in  the  efficiency  of  transmission  of 
power  by  shafting,  even  assuming  it  to  be  as  high  as  70  per  cent.,  and 
electrie  transmission  with  an  efficiency  of  78  per  cent.,  means  a  large 
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difference  in  operating  expense.  K  the  plant  is  not  run  at  full  load  the 
difference  in  efficiency  in  favor  of  the  distribution  by  electricity  is  far 
greater. 

There  are  other  questions  besides  efficiency  to  be  considered  in  decid- 
ing in  favor  of  either  system.  The  cost  of  the  installation  of  the  elec- 
tric system  would  doubtless  be  the  greater  in  all  cases  except  under 
extraordinary  conditions.  However,  there  would  be  a  saving  in  cost 
of  buildings,  as  the  wires  take  up  practically  no  room  and  do  not  need 
special  foundations  as  shafting  does.  Then,  too,  the  cost  of  main- 
tenance is  less,  and  certain  classes  of  machines  do  more  work  when 
operated  by  separate  electric  motors  under  the  immediate  control  of  the 
operator  than  when  dependent  on  the  common  power  of  the  mill  or 
factory. 

It  is  readily  seen  that  many  points  would  have  to  be  considered  in 
«ny  given  case  before  deciding  in  favor  of  either  method  of  distributing 
power,  when  the  greatest  efficiency  and  economy  is  the  aim,  and  the 
means  for  installing  either  system  of  transmission  are  available. 

PAOTOBIES  OPERATED  BY  ELECTBICALLY  TBANSMITTED 

POWEB. 

A  few  examples  of  the  distribution  of  power  by  electricity  will  suffice 
to  prove  that  the  great  efficiency  claimed  is  not  theoretical  only,  but 
has  the  endorsement  of  capital,  and  hence  must  be  profitable. 

A  fire-arms  factory  at  Herstal,  Belgium,  is  operated  by  electric 
motors,  supplied  by  electricity  from  a  generator,  direct-coupled  to  a 
500  horsepower  steam-engine.  There  are  17  motors  distributed  through 
the  factory  with  an  aggregate  capacity  of  305  horsepower.  The  effici- 
ency of  the  system  from  the  shaft  of  the  engine  to  the  pulley  of  motors 
is  77  per  cent.  The  installation  has  given  such  satisfactory  results  that 
the  plant  has  been  enlarged  by  the  addition  of  another  such  unit. 

The  motor  has  been  tried  at  the  Dunnell  Print  Works  in  Pawtucket, 
operating  a  seven-roll  printing-machine.  It  is  said  that  printing- 
machines  present  the  greatest  difficulties  in  the  application  of  power 
of  any  machinery  in  textile  manufacture,  requiring  varying  speed  with- 
out shock  in  the  gradations,  frequent  stopping  and  an  excess  of  power 
.to  start. 

It  is  stated  that  the  production  of  this  machine  is  at  least  33J  per 
-cent,  greater,  driven  by  an  electric  motor,  than  when  run  by  steam- 
power.  After  a  trial  of  eighteen  months  Mr.  Dunnell  was  so  thor- 
oughly convinced  of  the  superiority  of  electricity  as  the  motive  power  for 
this  class  of  work  that  he  advised  the  employment  of  the  electrical  sys- 
tem of  distribution  and  application  of  power  in  all  new  print-works 
ihat  mav  be  constructed. 
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The  Page  Belting  Company,  Concord,  N.  H.,  substituted  electrical 
distribution  of  power  for  shafting  in  their  extensive  mills,  and  found 
it  cheaper  and  more  efficient. 

In  this  instance,  according  to  the  statement  of  the  president  of  the 
company,  the  installation  of  the  electrical  plant  was  cheaper  than  a 
steam  plant,  capable  of  accomplishing  the  same  amount  of  work. 

Probably  we  would  not  have  had  this  direct  comparison  of  cheapness 
of  the  two  systems  of  distributing  power  generated  by  steam  had  it  not 
been  the  expectation  of  the  company  to  use  electricity  developed  by 
waterpower  at  Se walls  falls  on  the  ^lerrimac  river,  four  miles  north  of 
Concord.  This  waterpower,  of  6000  horsepower,  has  been  developed, 
and  the  belting  mills  are  equipped  to  use  2000  horsepower  of  the  elec- 
trically transmitted  energy. 

An  interesting  case,  in  which  the  questions  of  transmission  and  the 
distribution  of  power  were  somewhat  equally  prominent,  is  afforded  by 
the  power  plant  of  the  Columbia  Cotton  Mills,  Columbia,  S.  C.  The 
waterpower  is  obtained  from  a  canal,  built  many  years  ago,  for  trans- 
porting boats  past  the  rapids  in  the  river.  Between  the  canal  and  river 
is  barely  room  for  the  power  house,  and  a  desirable  location  for  the 
mill  is  on  the  opposite  side  of  the  canal,  800  feet  from  the  power  house. 
Had  it  been  simply  a  question  of  transmitting  the  power  this  short  dis- 
tance and  employing  it  as  one  unit,  the  chances  are  that  rope  trans- 
mission would  have  been  adopted,  but  upon  considering  also  the  distri- 
bution of  the  power  through  the  mill,  it  was  decided  that  electrical 
transmission  and  distribution  was  the  more  efficient  and  economical 
method.  The  power  plant  consists  of  two  turbine  water-wheels,  direct 
connected,  with  two  500  kilowatt,  three-phase  generators,  two  10  horse- 
power direct-current  generators  to  excite  the  fields  of  the  large 
generators,  an  electric  water-governor  and  switchboard.  The  current  is 
carried  to  the  mill  by  cables  placed  under  ground  and  distributed  in  the 
mill  to  17  motors  of  45  horsepower  each.  The  motors  make  540  revo- 
lutions per  minute,  start  with  full  load,  and  will  not  stop  if  overloaded 
up  to  125  horsepower.  Being  rotary-field  motors,  there  is  no  rubbing 
contact  and  hence  no  injurious  or  dangerous  sparking.  The  efficiency 
of  the  transmission  of  power  from  the  shaft  of  the  turbines  to  the 
pulley  of  the  motors  is  between  75  and  80  per  cent.  The  mill  was 
started  June  22,  1894,  and  has  been  in  continuous  operation  ever  since, 
the  power  transmission  and  distribution  meeting  the  expectation  of  the 
General  Electric  Company  that  put  in  the  electrical  installation,  and 
fulfilling  the  requirements  of  the  owners  of  the  mills.     (Plate  XV — B.) 

One  of  the  most  complete  electric-power  distribution  plants  that  may 
be  cited  is  doubtless  the  one  that  has  recently  been  installed  in  the  Gov- 
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emment  Printing  Office,  Washington,  D.  C.  A  small  electric  plant 
was  put  in  over  a  year  ago  as  an  experiment,  and  the  public  printer  was 
so  completely  convinced  of  the  reliability  and  efficiency  of  the  electric 
system  that  the  entire  office  has  been  equipped  with  this  service.  The 
power  house  is  supplied  with  three  engines  and  generators  designed  to 
run  thirty  days  without  shutting  down,  and  to  regulate  so  perfectly 
that  the  lights  will  not  perceptibly  vary  under  any  change  of  load. 
The  current  generated  supplies  4000  16  candle-power  lamps  and  167 
motors,  aggregating  679  horsepower.  The  motors  are  direct-con- 
nected to  the  presses  and  also  to  many  of  the  other  machines.  The 
production  of  the  presses  has  been  increased  many  per  cent,  and  the 
character  of  the  work  much  improved,  due  largely  to  the  constant  speed 
of  the  motors.  Among  the  many  advantages  derived  from  the  appli- 
cation'of  motors  to  the  machinery  of  this  great  establishment  may  be 
mentioned  the  removal  of  miles  of  belting  which  cut  oflF  a  great  deal  of 
light,  and  many  tons  of  shafting  and  pulleys,  which  produced  a  great 
deal  of  noise  and  dirt,  besides  the  great  strain  on  the  floors. 

The  efficiency  of  electrical  distribution  has  been  dwelt  upon  because  it 
enters  as  an  important  factor  in  the  more  general  question  of  electric- 
power  transmission. 

BELATITE  COST  OF  DIRECT  STEAJC-POWSB  AND  ELBCTBICAIiLY 
TBANSmTTEB  POWEB. 

The  cost  of  power  provided  by  each  of  the  two  methods  must  be  ascer- 
tained by  a  careful  determination  of  the  existing  conditions  in  any  par- 
ticular case.  That  is,  an  accurate  estimate  should  be  made  of  the  cost 
of  a  powei>transmission  plant,  its  efficiency  and  expense  of  maintenance 
and  operating  it;  also  a  similar  estimate  for  a  steam  plant. 

While  it  is  only  possible  to  compare  the  cost  of  supplying  power  by 
these  two  ways  for  an  average  condition  of  things,  yet  this  may  be  of 
service  in  calling  attention  to  the  probability  of  a  given  waterpower 
being  economically  available,  as  it  may  lead  to  the  investigation  of  ques- 
tions which  will  doubtless  result  in  developing  some  of  the  unused 
waterpowers  of  the  state. 

COST    OF    INSTALLING   AND    OPERATING    ELECTRICAL   PLANTS. 

The  data  used  in  the  following  estimates  are  obtained  from  reliable 
sources,  and  illustrate  the  various  items  of  cost  that  obtain  under  average 
conditions:  cost  of  installing  a  power-transmission  plant  of  100  horse- 
power; distance  of  transmission  10  miles;  voltage  5000,  totiil  efficiency 
80  per  cent. : 
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Hydraulic  work,  Including  wheels,  etc $6,000.00 

Generators  and  switchboard 2,500.00 

Power-house 1,000.00 

Line  3,500.00 

Miscellaneous 1,000.00 

Total $14,000.00 

Operating  Expensei  : 

Interest  and  depreciation  @  10^^ $1,400.00 

Attendance 750.00 

Maintenance 1,200.00 

Interest  @  5^  on  cost  of  water  rights 200.00 

'      Total $8,550.00 

This  calculation  gives  $3,550  as  the  cost  of  80  horsepower  delivered, 
or  at  $44.37  per  horsepower  per  year. 

Taking  a  larger  unit,  say,  1000  horsepower;  transmission  10  miles; 
voltage  1000;  total  efficiency  80  per  cent,  we  would  have: 

Hydraulic  work,  wheels,  etc $55,000.00 

Generators 25,000.00 

Power-houde 2,500.00 

Line 7,500.00 

Miscellaneous 10,000.00 

Total $100,000.00 

Operating  Expenses : 

Interest  and  depreciation  @  10^ $10,000.00 

Attendance 8,000.00 

Maintenance 6,000.00 

Interest  on  cost  of  water  rights  @  5^ 2,000.00 

Total $21,000.00 

Cost  per  horsepower  per  year  of  $26.25. 

The  General  Electric  Company  gives  as  the  result  of  its  experience  in 
Circular  Ko.  1008,  "  Electrical  Transmission  of  Power,"  the  following 
as  a  fair  average  cost  of  installing  a  plant: 

Development  of  waterpowcr $50.00  per  H.  P. 

Generators,  switchboard,  and  power-house   40.00         «» 

Line 25.00         *' 

Water  rights  and  incidentals 60.00         «* 

Total $175.00 

The  efficiency  of  transmission  being  80  per  cent,  the  cost  would  be 
nearly  $220   per  horsepower  delivered.     Allowing   15   per   cent,   for 
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depreciation  and  operating  expenses,  we  have  a  total  cost  per  electrical 
horsepower  per  year  of  about  $33. 

The  cost  increases  some  with  distance,  but  not  very  much,  until  the 
distance  reaches  some  forty  or  fifty  miles,  for  by  increasing  the  voltage, 
the  cost  of  the  copper  may  be  kept  practically  constant  and  the  poles 
should  not  cost  over  $250  per  mile. 

Under  favorable  conditions  the  cost  of  transmitted  power  may  be 
very  much  less  than  the  above  estimates  indicate.  A  recently  installed 
plant  near  Butte,  Montana,  for  developing  5000  horsepower  and  trans- 
mitting 76  per  cent,  or  3750  horsepower,  21  miles,  cost,  complete, 
$400,000,  or  $106.66  per  horsepower.  Estimating  operating  expenses 
at  15  per  cent.,  would  give  the  power  ready  for  distribution  at  $16 
per  horsepower  per  year. 

COST   OF    INSTALLING   AND    OPERATING   STEAM   PLANTS. 

From  the  time  during  which  steam-power  has  been  employed,  it  would 
naturally  be  supposed  we  would  have  definite  data  for  computing  its 
cost  when  the  price  of  fuel  is  given.  Accurate  tests  have  frequently 
been  made,  and  the  results  may  be  relied  upon,  provided  the  conditions 
under  which  the  tests  were  made  are  maintained.  But  there  is  such  a 
variety  of  boilers,  with  such  varying  ratios  of  grate  surface  to  heating 
surface,  and  ratios  of  either  to  the  amount  of  water  to  be  converted 
into  steam,  that  the  problem  is  in  general  of  uncertain  solution.  Then 
the  rate  of  combustion  of  the  fuel  is  a  varying  quantity,  as  also  the 
temperature  at  which  the  products  of  combustion  are  allowed  to  escape 
into  the  air.  The  condition  of  the  atmosphere,  whether  it  is  moist  or 
dry,  light  or  heavy,  effects  the  burning  of  the  fuel. 

Users  of  steam-power  rarely  have  a  definite  knowledge  of  what  it 
costs  them  per  horsepower.  They  doubtless  know  the  amount  of  bills 
for  fuel,  wages,  interest  on  plant,  taxes,  supplies  and  incidentals,  but 
the  unknown  quantity  is  the  amount  of  power  that  has  been  generated 
at  the  shaft  of  the  engine.  Usually  the  estimate  per  horsepower  per  year, 
if  made,  is  computed  on  the  rated  horsepower  of  the  engine  without 
considering  that  the  chances  are  that  they  were  actually  obtaining  an 
average  of  only  a  comparatively  small  fraction  of  the  nominal  capacity 
of  their  plant. 

The  nearest  we  can  come  to  a  satisfactory  solution  of  the  cost  of  steam- 
power  is  to  give  the  results  of  those  who  have  made  the  subject  a  special 
study  and  have  determined  the  cost  under  stated  conditions. 

The  following  table,  giving  the  cost  of  steam  power  per  horsepower  per 
year,  is  a  summary  of  the  researches  on  this  subject  by  Dr.  C.  E.  Emory. 
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Capacity  of  engine  500  horsepower,  run  at  full  load  for  10  hours  a  day, 
308  days  per  year: 

Kind  of  ea^ine. 

Simple  low  speed 

Simple  low  speed,  condensing  . . 
Compound,  condensing , 


$3.00  per  ton. 

Coal  $4.00  per  ton 

$84.20 

$39.94 

26.77 

80.78 

25.53 

29.09 

In  ordinary  practice  the  real  cost  would  be  from  25  to  50  per  cent, 
more  than  that  given  in  the  table,  since  it  is  unusual  for  engines  to  run 
continuously  at  full  load,  and  even  when  they  do,  the  stoking  is  likely 
to  be  carelessly  done,  and  it  is  most  certain  that  the  average  engine  does 
not  measure  up  to  its  rating. 

After  considering  the  efficiency  of  the  various  forms  and  classes  of 
heat  engines.  Dr.  Louis  Bell  summarizes  results  as  follows,  coal  being 
taken  at  $3  per  ton: 

Cost  per  Cost  per 

horsepower  hour,  horsepower  hour. 

Kind  of  enifine.  fully  loaded.  partial  load. 

Large  compound,  condensing 0.8  c.  to  1  c.  1  c.  to  1.5  c. 

100  horsepower,  simple 1.5  c.  to  2.5  c.  8  c.  to  5  c. 

20  horsepower,  and  less,  simple. . .  7  c.  to  12  c.  12  c.  to  20  c. 

Taking  an  average  from  the  data  given,  and  from  other  equally  reli- 
able sources,  it  is  safe  to  say  that  steam-power  will  cost  between  $30 
and  $50  per  horsepower  per  year  of  3080  hours,  using  engines  of  250 
horsepower  and  over,  while  engines  of,  say,  100  horsepower,  will  put 
the  cost  at  from  $45  to  $75. 

ADVANTAGES  IN  FAVOR  OF  ELECTRICALLY  TRANSMITTED  POWER. 

In  connection  with  the  relative  cost  of  delivering  power  electrically 
transmitted  and  by  steam,  the  advantages  .of  electrical  distribution  must 
be  considered. 

The  convenience,  safety  and  economy  of  space  of  the  motor  are  suf- 
ficient to  decide  in  favor  of  the  use  of  electricity  even  when  it  can  be 
obtained  no  more  cheaply  than  steam-power. 

Indeed,  there  are  very  few  places  where  steam-power  can  be  devel- 
oped cheap  enough  to  prevent  electric-power  finding  a  market  in  small 
amounts,  even  at  $50  to  $75  per  horsepower  per  year. 

When  the  power  is  used  24  hours  a  day  the  advantage  of  electrically 
transmitted  power  becomes  much  more  decided.  In  a  steam-plant  all 
the  items  in  the  expense  of  operating  increase  in  proportion  to  the  time 
of  running  except  interest  on  the  plant,  taxes  and  insurance,  while  with 
the  transmission  plant  only  attendance,  depreciation  and  incidentals 
increase  in  proportion  to  the  time. 


346  ELECTRIC    POWER   TRANSMISSION. 

Since  at  least  three-fourths  of  the  operatmg  expense  of  a  steam  plant 
is  increased  in  proportion  to  the  time  of  running,  it  is  easily  shown  that 
the  cost  per  horsepower  for  a  24-hour  day  is  slightly  more  than  double 
the  cost  for  a  10-hour  day,  while  electrically  transmitted  waterpower 
is  only  increased  a  little  more  than  one-third  for  the  increased  time. 

The  Niagara  Falls  Power  Company  has  offered  developed  waterpower 
at  $13  per  horsepower  per  year,  and  electric-power  at  the  generator 
at  $18.  Assuming  that  its  transmission  to  Buffalo  cost  as  much  as  gen- 
erating the  electricity,  or  $5  per  horsepower,  we  would  have  the  cost  of 
electrical  power  at  Buffalo  $23  per  horsepower  per  year,  of  308  days 
and  24  hours  per  day. 

A  careful  estimate  of  the  cost  of  steam-power  in  Buffalo  was  made 
before  introducing  electricity  generated  at  Niagara,  and  found  to  be 
from  $45  to  $60  per  horsepower  per  year  (24-hour  days),  the  tmits 
being  large  and  coal  very  cheap. 

The  only  exact  method  of  comparing  the  cost  of  power  supplied  by 
the  two  sources  we  are  considering  would  be  by  ascertaining  the  cost 
of  the  products  of  a  mill  or  factory  operated  by  a  transmission  plant 
and  the  cost  of  similar  products  of  a  mill  or  factory  at  the  same  place 
operated  by  steam.  Such  a  comparison  would  include  the  efficiency  of 
the  machines  run  by  the  different  sources  of  power  as  well  as  the  cost 
of  power.  Such  statistics  are  difficult  to  obtain,  as  manufacturers  do 
not  advertise  the  cost  of  the  products  of  their  mills. 

From  the  number  of  power  transmission  plants  installed  within  the 
past  few  years  and  the  rapidly  increasing  demand  for  electric  power,  we 
are  assured  that  in  many  cases  at  least  there  is  a  decided  margin  of  profit 
in  favor  of  electrically  transmitted  power.  It  might  be  said  that  it  is 
the  fashion  now  to  use  electricity  for  all  power  purposes  were  it  not  an 
assured  fact  that  capital  invested  in  industrial  enterprises  expects  a 
return  in  kind. 

SOME   TYPICAIi   MANXJFACTlTBINa  PLAin?S  ITSIKa  ELEGTBICAIiLT 
TRANSMITTED  POWER. 

A  brief  reference  to  a  few  plants  that  have  been  in  operation  for  a 
longer  or  shorter  time  may  illustrate  the  efficiency  and  reliability  of 
this  kind  of  power,  as  well  as  the  various  conditions  under  which  it  may 
be  used  and  the  distance  transmitted. 

The  first  of  these  plants  to  be  installed  was  by  S.  D.  Warren  &  Co., 
Cumberland  Mills,  Maine.  Their  paper  mills  were  at  first  driven  by 
waterpower;  upon  enlarging  the  mills,  steam  was  employed.  In  1891 
they  developed  a  waterpower  one  mile  lower  down  the  stream  and  in- 
stalled four  80  horsepower  Mather  generators,  and  put  six  40  horse- 
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power  motors  in  the  mills.  The  plant  has  been  continuously  in  opera- 
tion since  it  was  started,  running  24  hours  per  day,  and  has  given  satis- 
faction, both  as  to  efficiency  and  cost  As  a  result  of  their  experience, 
they  have,  within  the  past  three  years,  developed  a  waterpower  of  600 
horsepower  at  a  distance  of  five  miles.  This  installation  consists  of 
two  250  horsepower  alternating-current  generators,  each  driven  by  two 
water-wheels.  The  current  is  transmitted  at  7600  volts,  transformed 
at  the  mills  to  400  volts  and  distributed  to  the  motors,  doing  various 
kinds  of  work.  This  addition  to  their  power  was  not  called  for  by  an 
enlargement  of  the  mills,  but  because  electrically  transmitted  power 
proved  to  be  cheaper  than  steam,  even  though  their  steam  plant  is  to  a 
considerable  extent  idle. 

Another  electrical  power  plant  which  has  been  in  operation  long 
enough  to  give  reliable  results  is  furnishing  part  of  the  motive  power 
for  running  the  Nonatuck  silk-mills  at  Leeds  and  Haydensville,  Mass. 
These  mills  were  first  run  by  waterpower,  then  steam  was  added,  and 
about  seven  years  since  a  waterpower  was  developed  and  transmitted 
electrically  to  the  mills.  This  waterpower  had  not  been  developed  pre- 
viously, as  the  narrow  gorge  through  which  the  small  river  runs  at  this 
point  does  not  offer  a  favorable  location  for  a  mill.  The  generator  sta- 
tion is  of  special  interest  because  of  its  compactness.  Three  water- 
wheels  are  in  one  case.  One  wheel  drives  two  generators,  which  supply 
current  for  1000  lights  in  the  mills;  another  wheel  drives  two  500-volt 
Thompson-Houston  generators,  which  supply  current  at  the  Leeds  mill, 
one-half  mile  distant,  to^drive  a  45  horsepower  motor  belted  to  the 
main  shaft,  to  which  is  connected  the  water-wheels  of  the  mill  and  also 
a  steam  engine  when  needed;  and  it  also  furnishes  current  for  two 
motors  of  20  horsepower  each  and  one  of  10  horsepower,  which  drive 
machinery  in  separate  rooms  not  connected  with  the  other  sources  of 
power.  The  Haydensville  null,  one  and  a  half  miles  distant,  receives 
current  to  drive  a  45  horsepower  motor,  which  is  belted  to  the  main 
shaft  as  at  Leeds.  Connecting  motor  and  engine  to  shaft  with  water- 
wheels  has  proved  very  satisfactory,  each  supplying  its  quota  of  power 
and  also  acting  as  a  regulator.  The  efficiency  of  the  machines  run 
directly  by  motors  has  been  so  much  increased  that  it  is  probable  the 
company  will  distribute  all  the  power  electrically.  These  mills  only 
run  10  hours  a  day  and  coal  is  quite  cheap,  $4  per  ton  in  the  furnace. 
The  plant  has  fulfilled  the  expectation  of  the  company  and  has  given 
satisfaction. 

The  Sampson  Cordage  Company,  at  Shirley,  Mass.,  has  been  trans- 
mitting 50  horsepower  a  distance  of  a  half  nule  since  1893,  using  a 
500-volt,    direct-current   generator.     The    interesting   feature    of   this 
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small  power  plant  is  the  dispensing  with  the  services  of  an  attendant  at 
the  generator  station.  The  water  is  turned  on  in  the  morning  and  off 
at  the  end  of  the  day;  the  regulation,  while  in  operation,  is  accom- 
plished by  the  aid  of  electricity  by  the  attendant  at  the  motor  end  of 
the  line.  Small  streams  of  water  are  numerous,  of  sufficient  fall,  to 
allow  several  generating  stations  to  be  located  within  short  distances 
of  each  other,  and  the  power  from  all  transmitted  to  a  common  point 
sufficient  to  operate  a  large  mill.  Since  all  the  generators  may  be 
regulated  by  one  attendant  at  the  motor  end  of  the  system,  the  cost  of 
the  power  thus  assembled  should,  in  many  cases,  be  less  than  the  cost 
of  steam-power. 

At  the  Columbia  Cotton  Mills,  Columbia,  S.  C,  which  have  already 
been  referred  to  (p.  341),  since  the  distance  of  transmission  is  so  small 
(800  feet),  the  distribution  of  the  power  was  as  important  an  element 
as  its  transmission  in  determining  the  system  to  be  employed. 

The  Columbia  Waterpower  Company,  Columbia,  S.  C,  has  recently 
completed  an  installation  of  a  3000  horsepower  plant,  which  may  be 
increased  to  10,000  horsepower.  It  consists  of  three  turbines  of  1250 
horsepower  each,  three  750  kilowatt  generators  (3'phase  alternators,  3540 
volts)  with  their  exciters,  water-governors,  switchboards,  etc.  The 
Granby  mills,  manufacturing  print  cloths,  is  the  largest  customer  at 
present.  The  current  is  transmitted  1^  miles  and  reduced  by  trans- 
formers to  550  volts  for  the  motors  and  to  110  volts  for  lighting.  The 
installation  at  the  mills  consists  of  four  150  horsepower  and  one  75 
horsepower  induction  motors  and  1200  lights.     (Plate  XV — ^B.) 

There  have  been  two  other  important  power-transmission  plants  put 
into  successful  operation  in  South  Carolina  within  the  past  three  years. 

The  Pelzer  Manufacturing  Company,  Pelzer,  S.  C,  began  operating 
their  large  mill.  No.  4,  during  the  early  part  of  1896,  using  electricity 
generated  by  a  waterpower,  developed  at  a  lower  dam,  700  feet  long 
and  50  feet  high,  on  the  Saluda  river,  three  miles  from  the  mill.  The 
power-station,  located  on  and  just  below  the  dam  (Plate  XV — ^A) 
is  equipped  with  three  1000  horsepower,  S-phaae,  3300-volt  generators, 
exciters  and  necessary  station  apparatus.  The  installation  of  the  mill 
consists  of  21  induction  motors  and  1200  lights.  Mill  No.  3  is  also 
supplied  with  current  for  one  400  horsepower  motor  and  two  5  horse- 
power motors. 

During  the  latter  part  of  1895  the  Anderson  Water,  Light  and 
Power  Company,  Anderson,  S.  C,  began  the  transmission  of  electricity 
generated  by  waterpower  on  the  Seneca  river,  six  miles  distant.  This 
was  the  first  long-distance  transmission  plant  in  the  South,  and  the  200 
horsepower  Stanley  generator,  5500  volts,  was  the  largest  machine  in 
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the  country  of  so  high  voltage.  The  current  is  used  for  incandescent 
and  arc  lamps  and  motors.  During  the  past  year  the  Anderson  Com- 
pany has  greatly  enlarged  its  transmission  plant  by  installing  two 
600  kilowatt,  3-phase,  10,000-volt  generators,  the  distance  of  transmis- 
sion being  10  miles.  The  current  is  supplied  to  three  300  horsepower 
synchronous  motors  in  the  cotton-mills  at  600  volts,  70  arc  lights  and 
1500  incandescents,  and  several  small  motors  in  the  town;  the  total 
horsepower  delivered  is  reported  to  be  1425. 

The  first  power-transmission  plant  in  Xorth  Carolina  has  been  in- 
stalled by  the  Fries  Manufacturing  and  Power  Company  of  Winston- 
Salem.     A  waterpower  in  the  Yadkin  river,  at  the  crossing  of  the 


Fig.  47. — Power-house  of  the  Southern  Callforuia  Power  CompaDv  and  transmiBsiou 
line,  of  which  the  six  No.  1  copper  wires  are  intended  to  transmit  1000  horsepower 
each  to  Los  Angeles,  a  distance  of  80  miles.  It  is  said  that  the  generator  transmits  to 
the  switchboard  9fi^  of  the  power  delivered  to  it;  and  that  this  power  (2000  horsepower) 
is  now  (Jan.,  1899)  being  transmitted  to  Los  Angeles  at  a  voltage  of  38,000  with  a  loss 
in  transmission  of  less  than  10^. 


Mocksvillo  branch  of  the  Southern  railroad,  has  been  developed  by  the 
erection  of  a  stone  dam  yielding  1000  horsepower  at  mean  low  water,  the 
head  being  10  feet.  The  power-house  is  placed  immediately  at  the 
eastern  end  of  the  dam.  Eight  turbine  wheels  are  geared  to  one  shaft, 
which  drives  a  750  kilowatt,  3-phase,  alternating-current  Stanley  gen- 
erator of  10,000  volts.  Provision  has  been  made  for  the  installation 
of  another  equal  unit  bv  the  construction  of  wheel-pits  and  foundations 
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for  another  generator.  Two  water-governors  control  six  of  the  eight 
wheek.  The  electricity  is  transmitted  13^  miles  by  three  No.  6  bare 
copper  wires.  Two  barbed  iron  wires  are  placed  above  the  copper 
conductors  to  protect  them  from  lightning.  The  upper  crossrarms  also 
carry  two  telephone  wires.  In  the  erection  of  the  pole  line  provision 
has  also  been  made  for  the  enlargement  of  the  plant.  The  voltage  Is 
reduced  at  a  transformer  station  in  Winston-Salem  to  If* 50  by  two 
sets  of  transformers,  of  three  each,  and  distributed  to  the  consumers  of 
power  as  follows:  Arista  Cotton  Mills,  300  horsepower;  Wachovia 
grain  mills,  80  horsepower;  F.  &  H.  Fries  woolen  mills,  80  horse- 
power; Fogle  Bros.,  50  horsepower;  J.  A.  Vance,  30  horsepower; 
Winston-Salem  Railway  and  Electric  Company,  300  horsepower.  The 
South  Side  cotton  null  is  supplied  with  current  to  operate  a  300  horse- 
power motor  from  the  station  at  10,000  volts  and  reduced  to  1250  volts 
by  transformers  at  the  mill.  The  Southern  Chemical  Company  will 
be  similarly  supplied  with  80  horsepower.  These  two  cu&tomers  being 
from  2^  to  3^  miles  distant  from  the  station,  the  voltage  is  not  reduced 
until  the  mills  are  reached.  Application  for  over  200  horsepower  more 
has  been  made.  The  rated  capacity  of  the  plant  has  already  been  ex- 
ceeded, and  to  supply  the  demand  the  contemplated  enlargement  will 
have  to  be  made.     (Plate  XVI.) 

The  motors  and  electrical  installation  in  the  various  mills  belong  to 
the  power  company.  All  motors  of  50  horsepower  and  over  are  of  the 
Stanley  synchronous  type,  while  the  smaller  motors  for  power  and  start- 
ing purposes  are  of  the  Westinghouse  induction  type.  Electricity  is 
sold  by  the  meter*  at  the  rate  of  $20  per  horsepower  per  year,  12  hours 
per  day,  with  a  minimum  charge  for  25  horsepower.  For  a  24-hour 
per  day  service  the  charge  is  $40  per  horsepower  per  year.  The  tested 
efficiency  of  the  entire  transmission,  from  shaft  of  generator  to  pulleys 
of  motor  is  88^  per  cent.  The  cost  of  the  installation  so  far  has  been 
about  $125,000. 

The  plant  was  started  for  regular  working  the  latter  part  of  April 
of  the  present  year. 

J.   W.    GOHE. 

University  of  North  Carolina,  July  6<A,  1898 
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